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notation of Reference 3.
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INTRODUCTION

The analysis of rotor dynamic and aeroelastic phenomena and the resulting
capability to control and modify undesirable characteristics requires an
understanding of the dynamics and aerodynamics of the rotor blade. Much
of the theoretical and experimental research efforts have centered on the
aerodynamic aspects of the problem. Of the recent work done in the field
of rotor dynamics, most has been directed toward particular phenomena
using idealized blade models. Little effort has been devoted to the
development of methods of analyzing the dynamic characteristics of actual
rotors.

The ability to analyze and predict the dynamic characteristics of a rotor
blade has rarely been adequately tested. Non-rotating tests and rotating
tests in the atmosphere omit the extreme structural operating conditions
associated with the large centrifugal forces or involve significant aero-
dynamic effects which cannot be analytically removed. One attempt
(Reference 1) to test an idealized rotor model in a vacuum chamber
resulted in the conclusion that the state-of-the-art of rotor dynamic
analysis was not adequate for even a simple solid homogeneous uniform
blade with a rectangular cross-section.

There are reasons why there are considerable uncertainties in the
mathematical modeling of a rotor blade. In addition to the extreme
centrifugal field effects, the major problem lies in the representation
of the blade section properties. The state-of-the-art methods (for
example, Reference 3) apply to blades with homogeneous sections. In
actuality, a typical rotor blade will contain many of the following
features: a tapered, twisted hollow spar; bonded thin skinned pockets
with ribs or a honeycomb filler; leading edge balance weights; a bonded
anti-icing boot; inboard stiffeners; multiple hinges; root cutout. The
analytic determination of "effective stiffness", "elastic axis", and
“structural damping coefficient" are, at best, intuitive approximations.

The vacuum chamber rotor testing planned at Langley Research Center offers
a unique opportunity to significantly advance the state-of-the-art of
rotor analytic modeling and rotor dynamic analysis. The purpose of the
work presented in this report is to develop tools to augment the afore-
mentioned testing program. Two specific computer programs have been
developed. The V22 program has been developed to simulate the tests,
including all the necessary special characteristics such as hub forcing,
and independent rotational and forcing frequencies, including the non-
rotating condition. In addition, the program was designed to be used

as a research tool and emphasizes operational flexibility and ease of
data input and solution controls.



The other program, ROTSI, is an attempt to use measured data to help
identify better approximations to the mass and offset parameters of the
rotor blade. The method is an adaptation of the method of incomplete
models which has been used with success for other related structural
problems.

The analytical developments necessary to implement these tools are
derived and discussed in this report. The programs, operators guides,
descriptions of special features, and illustrative computational results
are also presented.

The major part of this work was completed in 1977, prior to the actual
vacuum chamber tests. After the testing was performed an analysis of
this data was carried out and is reported in Appendix D.

The contract research effort which has led to the results in this report
was financially supported by the Structures Laboratory, USARTL (AVRADCOM).



'EQUATIONS OF MOTION

A comprehensive development of the equations of motion of a rotor blade
was first published by Houbolt and Brooks (Reference 2) in 1958. The
equations were reformulated by Hodges and Dowell (Reference 3). Their
major contributions were the improved generality, including nonlinear
terms, and the independent verification of the earlier work. There being
no need to rederive these equations again, the rotor equations used in
this study were based on those given in Reference 3.

The addition of hub degrees of freedom necessitated the development of
the additional terms in the blade equations and the development of the
equations of motion of the hub itself which includes the effects of the
blades.

The development of the equations of motion of the blades and hub, the
application of the Galerkin method, the method of solution, and some of
the major features of the program implementing these solutions is pre-
sented in the following sections.

ROTOR EQUATIONS

As suggested in Reference 3, the tension, T, and the longitudinal
deflection, u, shall be eliminated from the equations. Using the
nomenclature as shown in Figure 1 and considering 6 and ¢ to be small
with ¢ ignored compared to 6 in the nonlinear terms, the equation for
the tension in the blade becomes: (Equation 62 of Reference 3)

v'? 2 2
T = EA{u' + —-2-—+ !'v'z——'*' KA e'd)' - eA(v" + W"e)} (])

Integrating with respect to x and solving for u yields:

; X X 1 2 § X y12
u=JSu'dg =/ {Eﬁ'_ Ky"6 o'+ eA(V" + ew")}dg - f (_E—'+ —§—ng
0 0 0
with boundary condition u(0) = 0 (2)

From Reference 3 the equation (Equation 61a) for the elastic displacement
in the x direction is:

T = - L, - m(e® x + 2a7) (3)
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: R
Integrat]ng Equation (3) and using L = 0 T(R) O and T E f mgdg
the resulting equation is: X
2 R,
T=Q% + 20 mvdg ' (4
X

Equation (3) and (4) and an expression for u' developed from Equation (1)
are substituted into the Equations {(61b), (61c), (61d) of Reference 3,

the equations for the in-plane, out-of-plane, and torsion become (where
third and higher order terms have been neglected):

" | , o
Y i 1 " 2 1 2 2
{Evv" - ZQeAmevdg + ABG," - EC1*6¢ + E1e'¢' - epf T = Q7v" .+ Q mxv!
. 2 ® ° R. . .
- 0mv + mV - 20mev' + 20mvv' - 20/ mvdgv" - ZQmeCw-— 20meow’
X
- 2 . 2 X1 R X 2 .
- me6p - {me(Q"x + 2qv)}' + 4Q°m/ xS mVdEdE - 20mS Kn"6'¢'dE
0 X 0

X X o, X, X,
+ 2mQS eAG"dE + 2mS eAew"dE - 2mf viv'de - 2mS w'w'dg = LV + sze
0 ) 0 0
(5)
" R y u 1l 11 2 2 "
{AEQV" - ZQeAefxmvdg +E w4 EC,*o" + E,00'¢' - @ epréd-Q eATG}
. 2 2 . R (] -
+ ZQmeCv - QoW + Q%mxw' + mW + 20mvw' - 2QS mvdiw" + med
X
-{me(2Q0v + 92x¢ + sze)}' =L, - mﬂzspcx (6)
R 2. 2 2
-{E,0'v" + ZQKA 6'S mvdg + E,00"W" + E®¢ + Q7K “10'} + 0%, TOv"
X .
2 2 . 2 2 " 2

- Q"mexdv' + Q"medv - medv - Q eAﬂw“ + Q mexw' + melWw + Q" mAK$

2

. 2" 11 1 u = - - 2
+ me d + {-EC]*ev + Ecl*w' + EC1¢'} Mp - Q°mAKe - mechx '(7)



These equations contain spatial derivatives of physical parameters which
~would be difficult to evaluate numerically. Integrating each equation
“twice between the 1imits x to R will eliminate this problem.  Using the

variable x as the lower limit is the more convenient because of the

boundary conditions at the tip of the blade. For example, consider the
' double integration of functions f"(x) and f'(x) as follows: :

R R
S5 f"(x)dxdx = f'(R)(R - x) - f(R) + f(x)
X X
and
R R R
I 5 f'(x)dxdx = f(R)(R - x) - J f(x)dx
X X X

Following the Galenkin (Ritz) procedure, arbitrary functions for the blade
elastic displacements are substituted into the previous equations as
-follows:

v(x]t) = ;y(t)Yi(x) = Iy;¥i
i i

w(x1t) = ? zj(t)Zj(x) = ? ijj
¢(xqt) = E ¢ (t)e, (x) = E“’k@k

where Yi(x), Zj(x), @k(x) are modal functions which satisfy the boundary
conditions and yi(t), zj(t), ¢k(t) are time dependent generalized co-
ordinates. The modal functions are completely general and are not
restricted to normal mode shapes.

R
In the following equations the short-hand notation S = f ( )dg is
used for simplicity. X



- X . X
f{yi(fmei + 492ffmf0 é%f my) + 2Qyi[ffmfoeAYi" - IfmeY."

ep/m¥; =fmeY, = (R = x)(meY,)p] + y;[EY." - @2(srav."

o X
SfmxY "+ fmei)]} + ;{ZQZj(ffm £eAer - ffmeGZj - chffmzj)

J
. X
] T - 2 2 1y - i

+ zj(AEeZ 3)} + E{¢k( ffmee@k)- 29¢k(ffmfoKA 02, )+-¢k( EC,*09,

- ] X. X.
+ E19'®k')} + 200/ myvt - SOy =SS vy - S S owt e

0 0

= 15(L, - ma%) - 9%(Smex - ;7 - R(me)y(R - X)) (8)

E{ZQyi[chfmei + fmeeYi - eAemei - (R - x)(meeYi)R] + yi(AEeYi")}

. ) 5 ) . -
+ g{zj(ffmzj) + zi[Eij - Q (ffTZj - ffmej)]}+ E{¢k(ffme¢k)

J

[} 1 1 2
+ ¢k[EC]*¢k + E,00 o' +Q (fmex@k - epTo, - R(R - x)(me@k)R)]}

+

200/ it - FPwsmi = S(L - QZBpme) - Q%[ /mexs - epT

R(med) (R - x)] (9)

™

_ v . * 2 } { " n
{ yi(ffmeevi) + ZSzy,i[f(kA emei)] + yi[fE1e V.- EC]*GYi

+

Qz(ffeATGYi" - ffmexeYi' + J/meoY. )1} + Z{Z.(S/meZ.)
1 j J J

] n ] 2 1 1 N 2

3+

k)

-+

it 1 2
9y (EC]®k +_IE¢¢k +Q ffmAK@k)} = ff[M¢ - QZ(mAKG + chmex}]

2

2 '
Q ka 16 (10)



ADDITION OF HUB MOTIONS

In this section the linear effects of the hub degrees of freedom are evalu-
ated and will be combined with the blade equations.

The coordinate of a point on a blade in the nonrotating hub system, as

shown in Figure 2, can be defined in terms of r, the undeformed reference

line along the blade span as follows. (including the major linear terms).

Xp = T cos Y - [v+ncos(6 +¢)] siny
Yp=r sin ¢ +[(v + n cos(6 + ¢)] cos ¥
zp = erC +w + nsin(6 + ¢) (11)

Assuming small angles for 6 and ¢ in Equations (11), including hub dis-

placements and angular motions Oy and ay about the respective axes, the

Tinear expression for the inertial coordinates for a point on-the blade
become:

X = Xy *+rcosy - (n+v)siny + (erc + ne)ay

y=yytrsiny+ (n+v)cosp- (rg, +nday
z =z, %+ erc +n(6 +¢)+W + (rsiny+n cos w)ax —
- (r cosy - n sin w)uy (12)

Accelerations of the inertial coordinates are derived from Equation (12)
and are used in the formulation of the hub equations, below:

X = XH - Qz(r cos ¥ - nsin¢) - V siny- 29v cos ¢ + sz sin ¢

+ mBgsin o + 2nQedeos  + (rB,. + n0)d, (13)



 HuB
(XY Zy)

Figure 2. Point on Blade Referenced to Non-Rotating
Hub Coordinate System



y=¥y- Q%(r sin ¥ + ncos ¥) + ¥ cos ¥ - 20w sin v~ 92V cos P

- nO¢ cos ¥ + 2nR0d sin - (rspc + 10)d,

7= EH +w+nd -Qz(r siny+ ncos w)ax + 2Q(r cos ¥ - 1 sin w)&x

+ (r siny+ ncos w)&x + Qz(r cos P - nsinw)ay

+ 20(r sin ¢+ ncos w)&y - {(r cosy - nsinw)&y

(14)

(15)

Applying LaGrange's equation, the additional terms in the equations for

the elastic displacements v, w, & due to hub motions become:

v_Equation

- %, sin yS/m + Yy cos wSf m+ (&X cos ¥ + aysin w)(BpC Simx + [fmed)

w Equation
2Hffm + (&x - Qzax + ZQ&y)(sin WSS mx + cos Y Sfme)

" 2 . .
- (uy - Q oy - Zqu)(cos YSSmx - sin ¢SS me)

¢ Equation
[(%, sin y - §, cos y) + Q(iH cos ¢ - &H sin )1//mes + %,/ me

2 2

a, + 20a.)(sin ¢SS mex + cos wffth ) - (& -9 a
X y Mo

t (8 - @ y y

- ZQ&X)(COS yS/mex - sin wfmeZm ) + [(&, cos ¢ + &, sin @)
) 2 X y

- Q(&X sin ¥ - &y cos w)](chffmexe + fmezmze)
R
where S = S ( )dg
X
10

(16)

(17)

(18)



FINAL BLADE EQUATIONS OF MOTION

Combining the respective equations given in (8)-(10) and (16)-(18) yields
the equations of motion for the elastic displacements v, w and ¢. o

v_Equation
. 2 X 1 y X i 1
E{yi[fmei + 4Q ffmf0 Eﬁ-fmvi] + Zﬂyi[ffmfoeAYi - JSmeY, " - ep/my, + meY

n 2 n 1
(R - x)(meYi)R]+ yi[Ein -0 (ffTYi - ffmei + fmei)]}

X
+ §{2sz[ffmfoeAer - ffmeGZj - chffmzj] + zj(AEer )}

.- X

o 2 141 ve .
z{¢, J/medd, + 200 S/mS K,“8'®; +¢ (EC,*00, " - E.0'6 ')} - %, sin vSIm
K k k k o A kK™ PkY="1 Yk 1 k H

yH cos P ffm + &X cos w(BpCffmx + [/med) + &y sin w(&pc.ﬁfmx + [fmed)

X X
v ~ S (v mv) =SS vy -~ S
0 0

+

wwl = fva +'92ffme

o mex + 9Leyt + (me) /(R - x)] (19)

w Equation
s I
§{29yi[6pcfmei + fmeeYi - EAemei - (R - x)(meeYi)R] + yiAEeYi }

[ i - 2 HH — 1 N

+ §{zjffmzj + zj[Eij Q (ffTZj s mej )] + E{¢kffme®k

+ ¢, [EC;*0, " + E.60'0, ' + Qz(fmex® - e,t®, - R(R - x)(med, ),)]1}
k=="1 "k 1 k k A"k k’R

+ EHffm + &X(sin pSS/mx + cos ySSme) + ZQ&X(cos vS/mx - sin ¥SSme)

- Qzax(sin vS/mx + cos PSSme - &y(cos VS mx - sin ¥ SS/me)

11



+ ZQ&y(sin pS/mx + cos ¥ SSme) + Qzay(cos Wmx - sin pS/me)
+ 200/ fmvw' = SI(wW V)Y = SIL - 928 Simx - szmexe + Qz[e 0
W pc A
+ R(mee)R(R-x)] (20)

¢ _Equation
" 2 1 TR 1 no_ 1
1;{ - i/ mesY, + 20y, [/(K,"6 mei_)-]”i [JE,0'Y," - ECy*eY,

+ Qz(ffeATeYi" - ImexeY,' + fimeoY,)1} + T{3,/imeZ, + 2,[/E188'Z,"
J

1 2 1] 1 N 2 1
+ EC1*Zj - Q (ffeAT " - ffmeij )1+ E{¢kfme ot ¢k[EC1¢k
' 2 (A, v . .
tEG ! + 2 (J/mAKe) T+ X,y siny[[med +4x, cos ¥ fmeo
- yH cos ¢S /med - Q&H sin ¥S/med + ZHffme + &X[sin ¢S /mex + cos w(fme]i2

2 0 . 2
+ chffmexe + ffmkm 8)] + an[Z cos PSS mex - sin w(fome

ny + chffmexe

2

+ fmeﬁ 9)] - 92 ax(sin vS/mex + cos tpfme2 ) + 4. [- cos ySfSmex
2 Mo J

+ sin w(fmeﬁ + B SImexo + fmeﬁ 6)] + i [2 sin ySlmex + cos w(2fme§

2 2 2

+

: 2 2 . 2
chffmexe,+ fmemze)] + Q ay(cos PSS mex - sin wfmemz)

2 |
SIM, - 2°(Smake + B/ /mex + fKAzre') (21)

The Galerkin (Ritz) method of effecting approximate solutions of

differential equations applied to the previous equations requires a

set of averaging integrals. Equations (19) - (21) for v, w and ¢ are multi-.
plied by Yi’ Zj’ and oy respectively, where i = 1, NY; j =1, NZand k=1,

NP and each resulting equation s integrated from 0 to R. This procedure
yields NT equations (NT = NY + NZ + NP) which may be solved for the general-
ized coordinates. - P

12



2

L {y4[DYYII(I,d,1) + 4Q°DYSI(I,J,1)] + 20y,[DYSI(I,d,2) - DYYII(I,J,5)

- DYF(I,J,2) + DYYI(I,J,2) - DYF(I,J,1)] + y,[DYF(I,J,3)

Qz “(DYYII(I,d,7) - DYYII(I,J,4) + DYYII(I,J,1))]}

NZ
I {202)[DYSI(1,d,3) - DYZLI(L,0,5) - B, DYZII(I,d,1)]* z5DYF(1,d,4)}
J=1
NP i
I {-9;DYPII(I,J,3) - 20¢,0YSI(I,d,4) + ¢,DYF(I,d,5)}
=1 v

o+

+

XH siny DYMII(I,1) + yH cos ¢ DYMII(I,1) + &X cos Y[DYMII(I,5)

+ BpCDYMII(I,Z)] + &y sin w[DYMI¥(I,5) + chDYMII(I,Z)]
R . R . R X, R X,
+ 20{s YIffmvv' -J YIff(v"fmv) - YIffmf viv! - J YIffmf w'w'}
0 0 ) 0 0 o
R 2
= f YIfva + Q°{DYMII(I,3) - DYMI(I,4) + DYF(I,1,6)} (22)
0

where I =1 to NY; thus, there is one equation for each in-plane mode.
Similarly, for the w equation:

NY

7 {ZQ}J[DZYI(I,J,S) - DZF(I,Jd,1) + BpCDZYII(I,J,l)] + yDZF(1,3,2)}
J=1
NZ »
+ 3 {2y DZZII(1,9,1) + z,[DZF(1,d,8) - @ <DZZ11(1,d,6) - DZZII(I,d,3)>]}
J=1
NP .. 2,
+ X {¢JDZPII(I,J,1) + ¢J[DZF(I,J,4) + Q°(DzPI(1,J,2) - DZF(I,J,6))1}
J=1

13



o

+

-+

EHDZMII(I,1) + &X[sindJDZMII(I,Z) + cos ¥ DZMII(I,3)]

4

206, [cos ¥ DZMIT(I,2) - siny DZMII(L,3)] - Qzax[sin p DIMII(I,2)

-+

cos ¥ DZMII(I,3)] - &y[cos ¥ DZIMII(I,2) - siny DZIMII(I,3)]

+ ZQ&y[Sin VY DZMII(I,2) + cosy DZMII(I,3)] + ﬂz ay[cos ¥ DZMII(I,2)
R R . R

- sin ¥ DZMII(I,3)] + 20{S ZIffmvw' - f ZIff(w"fmv)} =111 Ly
0 0 0

- QZ[DZMI(I,6) - DZF(1,1,5) + BpCDZMII(I,Z)] (23)

where I = 1 to NZ; following the same procedure, w, the ¢ equation is

:él {- §,DPYII(1,J,3) + 20y OPSI(I,J,5) + y,[DPYI(I,d,9) ~ DPF(I,d,1)
+ QZ(DPYII(I,J,8) - DPYII(I,J,6) + DPYII(I,J,3))]}

NZ 5

J§1 {z,DPZI1(1,d,2) + z4[DPZI(1,J,8) + DPF(I,d,3) - 9° (DPZII(I,J,7)
- DPZII(I1,J,4))1}

NP

X {¢JDPPII(I,J,4) t 9y [DPF(1,J,3) + DPPI(I,J,6) + QZ(DPPII(I,J,S)
J=1

+ DPPI(1,d,7))]} + {RH sin ¢ + QiH cos P - yH cos Y - Q}Hsin v
+ EH}DPMII(I,3) + &X[sinw DPMII(I.4) + cosy(DPMII(I,7) + DPMII(I,B)
+ BpCDPMII(I,G))] + ZQ&X[COSwDPMII(I,4)- siny(DPMII(I,7) + %—DPMII(I,8)

1

+ E—BpCDPMII(I,6) ]- Qzax[sin ¥ DPMII(I,4) + cosy DPMII(I,7)]

14



4

[~ cosy DPMII(I,4) + sin y (DPMII(I,7) + DPMII(I,8) + spCDPMII(I;6)§]

+

206, [sin  DPMII(I,4) + cos ¥ (DPMIL(I,7) + % DPMII(1,8)

+ %—BPCDPMII(I,G)k] + quy[cos Yy DPMII(I,4) - sin ¢ DPMII(I,7)]
R 2

= [ @IffM¢ - Q°[DPMII(I,9) + chDPMII(I,4) + DPMI (1,10)] (24)
0

where I = 1 to NP. The coefficients shown in Equations (22), (23) and
(24) are defined in Appendix A.

Equations (22), (23) and (24) may be written in partitioned matrix form
as shown on the following pages.

In order to,inclyde a,simple structural damping representation, terms of
the form 9V, G g®¢ were added to Equations (5), (6),(7) resulting in

the integrals DYD, DZD, DPD which appear in the following pages and are
defined in Appendix A.

15
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T 1 ' 1 7] -y
i it I ; r-
0 i 0 101 o . L ? ____________ X4
5 i T .
i { 1 1 ¥y
0 i 0 10 cosyDZMII(1,2) 1§ sinyDIMII(I,2) H
i i1~ sinyDZMII(1,3) | cosyDZMII(I,3) 3
------------------ ARV S SRS ST R AR H
{ Lo : | .
20 3 | 1cosYDPMII(I,4) | sinyDPMII(I,4) a,
| ; |1 -siny[DPMII(I,7) | +cosp[DPMII(I,7) )
H . 1 i . 1 ) o
T cosyDPHII(I,3) |- T STPDPMII(I,3) } 0 | + 1 DPMII(I,B) b T DPHIT(1,8) Y
] 1 1 )
i ] 1 ]
1 1 t 1 1 _]_
i i1+ DPMII(1,6) |+ » DPMII(I,6)
b ser 4 1 1 i -
== 2 t -y
DYF(1,1,3)-0°[DYYII(1,,1) " E(1.0.5) -
-DYYII(I,3,8)40v¥11(1,d,7) |  DYF(1.d:4) i (1,J, v
___________________________ OSSR SO B B
£ ]
. i 1
DZF(1,d,2) {DZF(1,0,3) + 9°[DZZII(1,9,3) | DZF(1,0,4)+a?[D2P1(1,J,2)
1 +DZ211(1,9,6)] i - DZF(I, 9,6)] .
= e G e E....._...._.._-_......:‘;. ______________ T e e 4
] i
DPYI(1,4,9)-DPF(I,J,1) IDPZI(I,d,8)+DPF(1,J,2) i DPF(1,3,3)+DPP1(1,9,6)
+92[DPYI1(1,J,8) 402 [DPZI1(1,0,4) g +02[DPPIL(1,3,5) 5,
-DPYII(I,d,6) 1 -DPZ11(1,4,7)] | +DPPI(1,4,7)] i
+DPYI1(1,d,3)] i i
™ ! | - - -
o fo fo } 0 { 0 Xy
——————— e o e b st o 8 e et 2 i et o e e e e e e 0 s 2 e ’
i i i i y
» i i { -singDIMIT(1,2) | cosyDZMII(I,2) H
-0 0 10 0 b _cosypzMII(1,3) | -singDZMII(I,3) 2
------- s P A
o ‘o | g | -SInUDPMII(I,4) ! cosyDPMII(I,4) %x
i i | -cosYDPMII(1,7) | -sinyDPMII(I,7) o
R T R : = ==




R RR .
J YIf S L - QT-DYMII(I,3) + DYMI(I,4) - DYF(I1,1,6)
v
0 X X
R RR 9 :
[ I.0 F L - Q°[DzmIi(1,6) - DZF(I,1,5) + B8_ DZMII(I,2)]
o Lxx™ pc
e et o e o o e o B o S o S B o Bt .
R RR 2 -
e f £ M, - Q°[DPMII(1,9) + B, DPMII(1,4)]
o pc
0 T xx =)
K CRR RR x., RR x, RR x .
i YI[é S TImw' £+ S vt mv+ S S vy + 7 Sl we'l
0 X X XX 0 X X 0 X X 0
400 ] o e e e e e e e e e e e e e e e
R RR | RR |
i) ZI[— S Lomvw + £ 0 (wSmv)]
0 X X X X
_ 0 | (25)

HUB EQUATIONS

Terms In Hubequations Due to Blade Motions

The kinetic energy of a rotor blade may be expressed as follows:

R
S (x2 +y
0

1 2

T = + 5%)dm

~|

Assuming a spring-mass-damper model of the hub in each of the three
orthogonal directions, and torsional models with respect to the body
axes, the hub equations of motion including blade effects are:

18



. 4 NB R ow
My Xy + CH Xy + KH Xy + Z S mXdE = F

X X X b=1 o Hx

. . NB R .
mHyyH + CHyyH + KHyyH + bflfomydg = FHx

. d NB R .
mHZzH + CHZzH + KHZzH + bE]fomzdg = FHX

. NB R . . .

qua%(+ Caxax-+ &1xaxi-b§]fom {- y(r'Bpc + n8) + Z(rsiny +n cosy)ldg
= FO{,X

‘ NB R
Iocyaer C‘ocy&y+ Kocy“ * b§1f0m{>'<.(r8pc + nod) - Z(rcosy -nsimp)’}da
= F,

Y

Substituting the expressions for the accelerations of the inertial
coordinates from Equations (13)-(15),performing the integration with res-
pect to chord and blade span and assuming two of more symmetrical blades,
the previous equations become:

Xy Equation

NB R R
m, X, + Cy X, + Ky x, + NB[MI(1,1)%, ]+ £ { - / misiny - 2QS mvcosy
Hx H Hx H Hx H H IB=1 0 0
, R R . R
+ QS mvsiny + S medosiny + 2QS medpcosy + (BpCMI(l,Z) + MI(1,5))&y}
0 ) 0
- (26)
Hy

19



Yy Equation
NB R R

mHyyH O Yyt Ky vyt NB[MI(1»ﬂ)yH] + £ {S mVcosy - 20/ mvsiny

Y Yy IB=1 o 0
R R . R V

- 921 mvcosy - J meddcosy + 20 meddsiny - (ByMI(1,2) + MI(1,6))d,}

0o o 0

Zy Equation

NB R R .
m, 2, + C, z, + K, z, + NB[MI(1,1)%,1+ * {/ m¥+ /f mep} = F
Hz H Hz H Hz H H I1B=1 0 0 Hz
Oy Equation
L4 e NB R 13
Iu akaa Oy + Ka Oy = NB{BpCMI(l,Z) + MI(],S)}yH + Z“ {- (chf mxv
X X IB=1 0
R R . R , R
+ [ medV)cosy + 20(B_ S mxv + S medv)siny + Q°(B._ S mxv
pc pc
0 0 0 0
. R R« R, o R,
+ f medv)cosy + (B_ S mxebd + S me“8 ¢p)cosy - 20(8 S mxedd
pc pc
0 o 0 0
R R R R
+ T me262¢)sin¢ + (B 2f mx2 + 28 S mex8 + [ mezez)&
pc pc X
o 0 ) 0
R R R . R . 5 9 R o
+ sinpS mxi + cosyS meW + sinyS mxd + cosyS med - Q°(sin“YS mx
) 0 : 0 ‘ 0 | 0
R , R , R 2 . 2
+ 2sinycosyS mex + cos"yS me )ax + 20[sinpcosyS mx~ - (sin“y
0 0 )
o R R 9. 5 R 9 ' R
- cos“Y)S mex - sinycosyS me ]ux + (sin“yS mx"~ + 2sinpcosyS mex
0 0 0 0

20
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|
|
|
t
!
.
|

|
|

+ coszwf mez)&X + Qz(sinwcoswf

- sinwcoswf‘mez)ay + 20(sin

R
0
R

0

Equation
“y q

IOL

y

&

Yo%y

R

+ Ca ay + K o

.‘2 R
- Q°(sinycosys

0]

y y

R

2

o

"R

v

0

f«

R
mx% - (siny - cos?y)s

2

mx- + 28inycosyS

R

R

ar

S 4w

a, + NB{BPCMI(1,2) + MI(1,5)}XH

0

R

mex

0

mex + cos

o

R:;};«
zwf“me?)

2
Y

mx2 - (sinzw - COszw)fméx - sinwcoswfmez)&yi = Fa - (29)

NB : R
+ ¥ { - (B .S mxyv
I1B=1 Py

R

+ J mebV)siny - ZQ(BpCf mxv + S medv)cosy + QZ(BPCI mxyv

+

4

+

0
fméev)sinw +

R

0

R

0
R v
0
R
0

R .

S meWsiny - S mxdcosy + S

0

R

sinzwf mex - sinycosyS mez)ocX + 20(- coszwf mx

0

R

. 2 2y .
sin“y/S me;)oc,X - (sinycosyS mx

0

R

0
R

0

R

0

megsinw + Qz(sinwcoswf

R

0

R
2.2
(chf mex6¢ + S me“o

0]

o

2

R

2.22 2 2
S me“6°¢)cosy + (ch S omx© 4 Zchf mexd + S me

0

0

R
o)siny + 2Q(8_ S mexo
PC 4

R 55

0
R
0

R 5

0

R

R

R

0

+ coszwf mex - sinzwf mex

R

o

R

0

sinycosyS mez)éiX + 92(- coszwf mx2 + 2sindcosyS mex - sin

0

20(sinycosyS
0

R

(- coszwf mx2 + 2sinycosyS mex - sin

0

R
mx2 + coszwf

R

o

mex - sinzwf mex - ‘sinpcosyS mez)&y

R

0

0

21

0

R

)
R .

ZWI me?)& }=F
o Y

Yy

R

0

R

0
R

o]

R

;) )&y - [ mxicosy
2 2
mx~ + cos Y S mex

+ 2sinycosyS mex

wa me)ay‘

0

(30)



Considering only the hub translational equations of motion and following
a similar procedure as applied to the blade equations arbitrary functions
for the elastic displacements are substituted into Equations (26)-(28)
yielding:

Xy Equation

mexH + CHXRH + KHXXH + NB[MI(1,1)%,] - ng] sianB gz¥1(1,a,1)ya,13
N8 NP . NB NY .
+ ¥B=] s1anB §=] PI(I’J’3)¢J,IB + 20 ¥B=1 cosP;p §=] YI(I,J,])yJ’IB
+ 92 gB sianB gY YI(I,J,])yJ it ZQNE cosPyp QY PI(I,J,B)J)J B
1B=1 J=1 g IB=1 J=1 ,
+ NB[BpCMI(1,2) + MI(],S)]&y = FHX (31)
Yy Equation
o . e NB NY .
mHyyH + CHyyH + KHyyH + NB[MI(],])yH] + §B=1 coszB §=1 YI(],J,])yJ,IB
NB NP . NB NY .
- I§=1 cosy;p §=1 PI(1,J,3)¢J’IB - 20 §B=1 siny;p §=1YI(]’J’1)yJ,IB
ey cosy g 5 YI(1,0,1)y; (5 *+ 20 Y st ¥ PI(1,,3)8; 1
IB=1 J=1 ’ IB=1 IB J=1 ?
+ NBIB, MI(1,2) + MI(1,5)]8, = FHy (32)

Zy Equation

NB NZ
m, 2, + C, z, + K, z, + NB[MI(1,1)2,1+% & ZI(1,J,1)%
H%H " PH“H T CH H " Tp=1 J=1 J,1B
NB NP ( . ()
) T PI(1,d,1)¢ = F 33
1B=1 J=1 J,1B - H,

22



Equations (31)-(33) may be solved for the hub accelerations and written

in matrix form:

——

My +NB *MI(1,1)
X

0
0
L
sinwlB
NB
= 7 0
I1B=1
0
coswIB
NB .
+ Iz 291 0
IB=1
0
N
f’sianB
NB
+ % 92 0
B=1 |
0
-
¢ 0
Hx
- 10 C, |
Hy
0 0

23

| -
0 ' 0 XH
mHy+NB MI(1,1) 0 ¥y
0 mH3+NB-MI(1,1) ,
0 o l]via,a,m) 0 -PI(1,J,3)
cosbrp O ||-Y1(1,3,1) 0 PI1(1,J,3)
1 0 -71(1,d,1) ~PI(1,d,1)
0 o ||vi(1,9,1) 0 -PI(1,3,3) Y,
singrg 0 || YI(1,9,1) 0 -PI(1,3,3) 2
0 -L_ i 0 0 0 | _?J‘_
0 o] T=vi(1,3,1) 0 o ] ‘yJ"
coszB 0 Yi(i1,3,1) 0 O z,
0 .l B 0 0 0 | 95 |
M, K o 01 x, "F, ]
H H, H Hy
0o |ly -1 0o K 0 y +
H Hy H Fy
. Yy
z 0 0 z
_H-Z- - H- - HZ_ L H_ ...FHZ..~

IB

IB

(34)



METHOD OF SOLUTION

The coefficient matrices of Equation (25) with the hub angular motions

a, and o, omitted may be defined thusly:

X y
- ! ' —
FPYZEI(I:Q"2f‘_‘929X51££:J’12 i 0 _fi_-PYBIIHz:’z?_)__

1 1 .

[cORl= | 0 j DZZ11(1,d,1) i DZPII(1,J,1)

i | 1]
-DPYII(I,J,3) i DPZII(1,d,2) 5 DPPII(I,J,4)
a i 4 =]
-sinyDYMII(I,1) s cosybYMII(I,1) O .
1 1
[COIH][SIB] = - i 0 L 0 j DZMII(I,1)
1 i
sinyDPMII(I,3) i-costPMII(I 3) ; PMII(I,3)
] 1 pe—
F 1 d =
' DYD+20{-DYYI(I,J,2) EZQ{DYSI(I,J,B) E-ZQDYSI(I J,4) |
-DYYII(I,J,5) S—DYZII(I J,5) 5
+DYF(I,d,1)-DYF(I1,d,2) E-BPCDYZII(I J 1)}5
+DYSI(I,ds2)} e e e
[CODR] = - 1 H
ZQ{DZYI(I,J,3)-DZF(I,J,1)E 0 5 0
] ]
+BECDZYII(I,J,1)} : : N
________________________ L
20 DPSI(I,d,5) i 0 | 0
i - ' | _ .
| 0 H 0 i 0 :
_________________ L EEEEREREE: TSRS
[CODH][CIB] = - @ . 0 i 0 L 0
[ oo
cosyDPMII(I,3) i -sinyDPMII(I,3) 5 0

24




e ! f =
| DYF(1,4,3) i ; ]
22 {DVYII(1,0,7) | 5
DWIN(1,9.4) 5 DYF(I,J,4) i DYF(I,J,S)
+DYYII(I,J,1)} i i
_________________ e
EDZF(I,J,3) ; DZF(I1,J,4) +
DZF(I,d,2) ;+92{DZZII(I,J,3) g +92{DZPI(I,J,2)
[CORT = o o 1-DZZII(1,0,6)} i -DZF(1,d.,6)} _________|
i 1
DPYI(I,d,9) EDPZI(I,J,S) ; DPF(I,J,3)+DPPI(1,J,6)
2
-DPF(I,d,1) E+DPF(I,J,2) 5 +Q“{DPPII(I,J,5)
+2{DPYTI(1,J,3) §+92{DPZII(I,J,4) | +DPPI(1,d,7)}
-DPYII(I,J,6) E-DPZII(I,J,7)} i
+DPYII(1,J,8)} | 1 ,
— [4 1 i
-DYMII(I,3) + DYMI(I,4) - DYF(I,1,6) __ §
(FR} = - 92 DZMI(1,6) - DZF(1,1,5) + 8 DZMII(I,2) §
{BF} =
[~ —
R RR RR R, RR x, RR x, |
fYI{—ffmvv'+ffv"fmv+ffmfv'v'+ffmfw'iw,'
(ANLY = 20 | <Qeccee XX X X__ X X X_ O . X X_ 0 _____ ‘
R RR | RR R,
L= S St S S Wt mv}
‘0 X X X X _)_( ______________________________
0
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_;ianB 0 d_

[SIB] = cospip 1

0 0 1
e —

cosmpIB 0 0

[CIB] = 0 sianB 0

L_ 0 0 1

[RIOC] = [COIR]™!
V. *
{YZ } = z {xH} = Yy
P —

| 9 _ZH

Similarly, the coefficients in the hub equations of motion, Equation (27)
may be defined as:

— —
my +NB-MI(1,1) 0 0
X
[TM] = 0 my +NB-MI(1,1) 0
y
0 0 my +NB-MI(1,1)
Y4

e - L

26



[BIN]

[BDAM]

[BSPR] =

[HC] =

[HK] =
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Fi,
{HF} = | F

y

F
[BIRI] = [BIN][RIOC]
[BIRID] = [BIRIJ[CODR]
[BIRIO] = [BIRIJ[COR] + [BSPR]
[BIRIDH] = [BIRI][CODH]
[BIRIIH] = [BIRII[COIH]

Using the previous definitions, and assuming a sinusoidal forcing function,

Equation (25) may be written as:

Y, 3 = (RIOCI([CODRI{Y, 3+ [CORI{Y, } +{FR};, + {BF}sinugt
P 18 P P18

+ {FNL};p + [COTHI[SIBIp{%,} + [CODHILCIBI 50X }) (35)

Equation (34) for the hub accelerations is written as:

NB . NB
[TMI{%}= £  [SIBIl..[BINI{Y., } + 3%  [CIB],,[BDAMPI{Y. }
H gy I8 Zp g 18T I8 Zp -
NB .
+ 3 [SIBI[BSPRI{Y, } + [HCI{x}+ [HKI{x g+ {HF} (36)
IB= : P

1B
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Solving for the blade accelerations from Equation (35) and substituting
the result into Equation (36) removes the inertial coupling in the system
and allows solution of the hub accelerations directly.

NB -1
{XH} = ([TM] - ?B=1 [SIB]IB[BIRIIH][SIB]IB) (([HC]

NB

+ §B=] [S1B1;p [BIRIDHILCIBI){X,} + [HK1{x,} + {H}
NB .
+ I (([S1B];p[BIRID] + [CIB] [BDAMI) (Y, }
1B=1 P g
+ [SIB] p[BIRIOI(Y, 3  + [SIB] [BIRII({FR}p + {(BFIsinwgt
P g |
+ {FNL}IB))) (37)

Solution of Equation (37) is effected by use of a fourth order Runge-
Kutta timewise integration technique. Once the hub responses are
obtained for a particular time increment, Equation (35) is solved for
the blade motions. These blade motions are, in turn, substituted into
Equation (37) to yield the hub responses for the subsequent time
increments. This procedure is continued until the total time interval
of interest is reached.

PROGRAM FEATURES - V22

The V22 program, developed to implement the solutions of the equations
developed above, was designed to achieve the flexibility and ease of
use necessary to make it a useful research tool. The details of the
necessary and optional inputs are described in Appendix B. Some of the
major features of the program are outlined in this section.

1. General input - The input data, in most cases, may be input
in any order. Certain data is optional as input and need not be entered
unless used. In running successive cases, only changed data need be
input.

2. No. of Blades - One to four blades may be specified. With a
hub, a minimum of two is required.
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3. Modal input - The method of solution (Galerkin's method) uses
separate in-plane, out-of-plane, and torsion "modes" as generalized
degrees of freedom. They need not be normal modes (and thus need not
be changed for changes in parameters and rotor speed). The equations
contain the modal displacement as well as the first and second deriva-
tives. Only the second derivative and the root slope of each mode is
required as input. The program integrates and normalizes each mode to
a value of unit displacement at the tip. Modes which are representative
of the expected normal mode shapes are suggested.

4, Frequencies - Rotational and forcing frequencies are input
independently. A frequency sweep may be simulated with a single card
for each discrete frequency. € = 0 is allowed.

5. Hub data - The hub is represented by a single degree of freedom
spring, mass, damper in each direction. These parameters may be easily
changed with forcing frequency to simulate actual hub impedances.
Optionally 0, 1, 2 or 3 directions of motion are allowed. Sinusoidal
forcing in any of these directions may be specified.

6. Blade forces - Optional forces may be applied at any blade
station. An optional 1- cos type excitation for a specified fraction
of one revolution is available.

7. Floquet option - If this option is selected, the program
automatically produces a Floquet transition matrix by performing one
(force) cycle for each initial condition, A further option ignores
the steady effects due to such quantities as twist and precone.

8. Periodic solution - A periodic solution is obtained through
the Floquet matrix which allows the solution for the initial conditions
which will result in periodicity.

9. Nonlinear options - All, in-plane only, or no nonlinear effects
may be optionally included in the solution.

10. Solution controls - The integration procedure used includes
error checks and automatically selects appropriate sized integration
increments. The user specifies quantities such as the number of cycles,
error bound, variable to be tested for error, initial condition (unless
periodic solution is specified).
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SYSTEM IDENTIFICATION

The mass parameters of any continuous structure are not amenable to
direct verification. An operational rotor blade is subjected to very
large centrifugal forces and undergoes a highly coupled motion which
includes deformation of the elastic axis in and out of the plane of
rotation and torsional deformations about this axis. Under these con-
ditions, the adequacy of the mass parameters which are based on a
fictitious homogeneous section are in some doubt. While there is no
way of directly measuring these parameters, the relationship between
them and the normal modes, which are at least conceptionally measurable,
are well understood.

The method of incomplete models (References 4 and 5), which addresses the
problem, has been adapted to the specific set of rotor blade parameters.
This formulation determines the minimum changes required in the in-
tuitively derived set of mass parameters to make them compatible with

the measured modes. There are other related developments and features

of the implementation program which will yield valuable information
regarding the adequacy of the analytical model. These are derived and
discussed in this section.

THEORETICAL BACKGROUND

Consider a discrete element dynamic model of a continuous structure. One
part of this model is a mass matrix, M. If ¥ is a vector representing

the k-th normal mode, there exists a necessary orthogonality relationship
as follows:

T =
v My =0 k #n (38)

If the modal vectors are considered to be known, and the masses unknown,
this equation can be rewritten as a set of linear equations:

AR = 0 (39)

where A is a matrix whose elements are products of the elements of the
modal vectors, and M is a vector made up of the unknown elements of the
mass matrix. There will be one equation for each unique pa1r of modes
and one unknown for each of the elements of M. The problem is formulated
so that the symmetrical off-diagonal elements in the (symmetr1ca1) mass
matrix appear only once in the mass vector, M.
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Since the scalar product ?{MWﬁ is identical to WgMWk there will be
NM(NM-1)/2 equations, where NM is the number of modes. If N is the
number of coordinates, the number of unknowns may be between N and
MN+D/2 where the first corresponds to a pure diagonal matrix and the
upper limit corresponds to a fully populated mass matrix. As discussed
in References 4 and 5 it is usual and desirable to have many more un-
knowns than equations. There are, thus, an infinite number of solutions
which will satisfy Equation (39).

It is, of course, desired to obtain that solution which is the most
representative of the actual structure. This objective may be achieved
by finding, of those mass matrices which satisfies Equation (39), and
(38), that which is closest to an analytically derived model of the
structure. That is to say, determine the smallest possible changes

in the analytical mass matrix necessary to_orthogonalize the measured
modes. This may be done as follows. Let MA be a vector which is made

up of the elements of the analytical (or approximate) mass matrix and
then write M = ﬁA + AM, where AM represents the required changes in MA'
Substituting into Equation (39) yields:

AM = - AMA (40)

As discussed in Reference 5, the use of the matrix pseudoinverse yields
a solution which has the minimum sum of the squares of the individual

elements, i.e., ZﬂT M = min. This solution may be written:

—  TaaTy=l,m
M .= - A (RA)TUAR, (41)

The application to the specific rotor blade problem is given below,
where certain other more detailed considerations of minimization and
other constraints are discussed.

ROTOR BLADE APPLICATION

The normal modes of a rotor blade are conveniently expressed in terms
of the in-plane, out-of-plane, and torsional components as follows:

=<
It
=i <t

-
=
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where v, w, and ¢ are vectors, each having NX elements, when NX is the
number of blade stations used in the analysis and test.

The mass matrix, as can be seen from the acceleration terms of Equations
(5), (6), and (7) may be conveniently partitioned, where each of the
partitions is a diagonal matrix of order NX. The rotor blade form of
Equation (38) then may be written:

T =T =T¢ N N r -7 ]
v w ¢ ]k Trmi : 0 | -(mee)i v =0 k #n
SR SN RN
0 } m, | (me)i | w

S——=p— ——=F—--3
-(mee)i\j (me)i \j (mkmz)i

b ol

(42)

-1
>

The elements of these diagonal partitions (i = 1, 2,...NX) represent a
"Tumped mass" (rather than a "distributed mass") formulation of the
problem, which is inherent in the matrix representation.

Treating the modal displacements as knowns and the mass parameters as
unknowns, the analogy of Equation (39) becomes:

v W, b 1 -V, 4 1,0 T n ]
ok kg kT
| - | v 4 i me
I PR e P e | T 0
| | | -,
i m hld (43)

where, typically, Vi represents the in-plane displacement of mode k

i
at station i. Each partition of the matrix A has NM(NM-1)/2 rows (one
for each pair of modes, k < n) and NX columns, one for each station
(i =1, 2...NX). This, there are NM(NM-1)/2 equations and 4 « NX
unknowns (in vector M).
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As above, let M = MA + AM, then Equation (43) is:

ATH = - ARty (44)

This equation may be solved for minimum M as in Equation (41). However,
if there are significant differences in size between elements of M,

it would not be appropriate to simply minimize the sum of the squares of
the magnitudes of the changes. This procedure could result in excessively
large percentage changes in the very small elements, even though these
same changes would be quite small compared to the larger elements.

It is possible, through a simple modification in the method to minimize
the sum of the squares of the percentage changes, which is a more
reasonable criteria. In addition, it is also possible to allow the
analyst to indicate a level of confidence in each element, so that items
with higher confidence will tend to change least. The result is a
solution which has a weighted sum of squares of the elements at a
minimum.

Let the i-th element of MA be designated (MA)i and the corresponding
assigned weighting factor (confidence level) be W Form a diagonal
matrix W such that W, = Wi/(ﬂA)i' Then the elements of WAM are

(WB); = w (B0 / (),

which is the function that should be minimized. This is achieved by

making WAM the unknown in Equation (44) by inserting I = N']W as follows:
AW WER = - AR (45)
Then, as above:
(WA . = - w']AT{AW'ZAT}-1AMA
e fi=m, - MFZAT{AW_ZAT}-]AMA (46)
such that:
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MASS CONSTRAINTS

Since the number of equations is generally much less than the number of
unknowns, it is possible to add equations to Equation (43) which will
impose constraints on the mass parameters. In the method as implemented,
five optional constraints are available. These each maintain the following
mass characteristics at the same value they have in MA. These constraints

refer to: total mass, radial static moment (cg), chordwise static moment
(cg), flapping moment of inertia, and feathering moment of inertia. These
five constraints result in the following equations added to Equation (43):

— 1 1 1 - - —
1,1,1... 0 ho ' oo | mo Zmy h
1 1 I o
i i i 1
1 ] 1 —
X]XpsXy i 0 EOE 0 I
I
i H i med z(me)
0 {1,010 08 0 A
i i 1 —— P 2
s 5 | Lo | Mk Xy My
1, 1 ' , 1
X1 s Xe e 1 0 1 0 0
T n2 ! LT % (mk_2)
1 f ] m ‘A.
1 i 1 1
0 10 10 11,1,1... - — (47
L ] : i —
The solution then becomes:
-1
M=y, - weATAWATY ARy, - P (48)

where r is the right-hand side vector of Equation (43) augmented by that
of Equation (47).

Thus it is possible to find the necessary changes in the mass matrix to
make the modes orthogonal, such that the weighted sum of squares of the
percentage changes is a minimum and the specified mass characteristics
remain invariant.
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- ROTATIONAL SPEED EFFECTS

- The mass matrix discussed above is independent of the blade rotational
speed, Q2. The natural frequencies and the mode shapes, however, do
change as the rotational speed is changed. The analysis, as presented,
is valid for any single @ including the nonrotating condition, @ = O.

The fact that the modes change with Q provides an opportunity for
obtaining additional information within a fixed range of forcing fre-
quencies over that available for a conventional nonrotating structure.
If several modes are measured at each of several values of Q, the same
mass matrix must make the modes at any one Q orthogonal.

Thus, the method above has been modified to accept modes at different
values of © and to set up an equation for each pair of modes at each Q.
For example, if the first three modes were identified at three Q's,
there would be nine equations which would provide information about
the mass matrix.

MODE CHANGES

The measured data, even if exact, is not sufficient to uniquely identify
an analytical model and thus intuitive decisions are required of the
user of this method. Some of these decisions have been described above.
In addition to finding the necessary mass model changes, consideration
should be given to the unavoidable errors in the measured modes. It is
of interest to determine the minimum changes that would be required in
the modes to achieve orthogonality using the analytical mass matrix.
Methods of this general type have been suggested in the literature from
time to time (References 6, 7, and 8). The method developed and
implemented in this study uses techniques very similar to those for the
mass identification, above.

If the modes are placed in order of decreasing confidence (usually in
order of increasing natural frequency), the method assumes the first is
correct, changes the second to make it orthogonal to the first, then
changes the third to make it orthogonal to the first and the corrected
second mode, and similarly for all higher modes. The changes are the
minimum sum of squares of the percentage changes of each element as
discussed above.

The first equation may be written:
¥ TM(‘{f + AQ/) = 0
1 2 2

or

AATé = - AWZ (49)
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where A = w{M is a 1 x 3*NX matrix. The next equation then is:

AA\P3 = - Aw3 (50)
where:
.r —
¥

A= - M and A is a 2 x 3+NX matrix.
T T
‘Pz + A‘Pz

The equations for ﬂ?M results in an A matrix of order M-1 x 3 NX. The

procedure used for solving these equations is the same as that described
above without any weighting function, w, assigned to the individual
elements.

PROGRAM FEATURES - ROTSI

This program has been designed to provide maximum flexibility as a
research tool. The theoretical basis has been described in the previous
paragraphs. The Users Guide with detailed input instructions is in
Appendix B. This section will briefly outline several of the major
features and capabilities of the program.

1. Normalization - the modes may be normalized so the diagonal
elements of the generalized mass matrix are unity.

2. Add modes - after a computation is completed, additional
modes may be added and further operations may be performed.

3. Rotational speed - modes of more than one rotational speed
may be included (for mass identification) and the proper
pairing takes place automatically.

4. Random errors - modes may be polluted with random errors
with specified random or bias errors for sensitivity
analyses.

5. Modal changes - necessary mode changes as described above
with constant mass matrix may be determined.

6. Limited mode changes - modes may be changed as above but
with Timits specified for each mode. Truncation or scaling
options are available.

7. Mass changes - weighted minimum mass changes may be obtained
as described above.
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10.

Invariant stations - the mass parameters at selected stations
may be held invariant.

Invariant parameters - mass, static moments, moments of
inertia may optionally be maintained invariant during mass
identification.

Sequential operations - the various options may be executed
sequentially, for example, one may first change all the modes
up to some specified percentages and then finish the correction
by modifying the mass matrix.
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METHOD APPLICATIONS

The two programs were continually checked for validity and reasonableness
during their development. ATl features were at least qualitatively
verified. The programs were then used to approximately simulate the
tests to be carried out in the vacuum chamber at the Langley Research
Center. These applications are described below.

SIMULATION DATA

The system simulated consisted of two blades and a hub with a vertical
degree of freedom. The system was excited by a vertical force at the
hub.

Each blade was represented by 17 stations. The parameters are shown in
Table 1 which is taken from an actual computer run. The units are all
in the 1b-in-sec system.

Tables 2, 3, and 4 show the modes used as generalized degrees of freedom.
These modes were developed from an approximate cantilever eigenvalue
analysis. The one in-plane, three out-of-plane, and one torsional mode
represent all the modes expected to have natural frequencies below 12/rev
at @ = 25 rad/sec. The tables illustrate the second and first derivative
and the displacements after normalization.

The hub was arbitrarily represented by a mass of .6 1b-se02/1n and a
spring rate of 20,000 1b/in. This implies a rigid rotor vertical
natural frequency of 111. rad/sec or 4.44/rev at @ = 25 rad/sec.

Tables 5 and 6 give the blade and hub matrices as described in the
section on Method of Solution and Equations (36) and (37).

SIMULATION COMPUTATIONS

Simulated frequency sweeps were carried out at @ = 0, 20, and 25 rad/sec.
The Floquet option was used to obtain precise periodic responses to
sinusoidal excitation at the hub. The objective of the simulated test
was to locate the frequencies at which hub vertical antiresonances occur.
At this frequency, cantilever conditions exist and since damping is light
the displacement will be a good approximation to the coupled cantilever
normal modes of the blades. Since discrete frequency inputs are required,
a coarse sweep was first carried out, followed by necessary points at
small frequency intervals to identify the point of zero hub displacement.
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TABLE 5, THE BLADE INERTIAL, DAMPING, STIFFNESS MATRICES, AND INVERSE

COIR

 3.842E

0.0

1.128E 02 1.005E 03 5.848E 02 ~B.9L4E

~ CODR

60 6 04E-D2-~1%493E 01
3.819E 01 0.0
=2 737E- 01— 0.0
| 64686E 02 0.0
Tftbk;,meWmMme,m.
~1.803E 06 6.378F 04
1 0294E 05 =45 25E - 05
~9,931E 04 4.499E 05
. 5.645E 04 ~54593E 05
94821E-03~94167E 05
RIOC
2.604E-03 ~1,773E-06
Te526E~-06 1lo40D8E~02
T 8e327E-06"~24001E~02
| ~4 .841E~06 3.1686~02

~3,959E~

OF THE INERTIAL MATRIX AT © = 25 RAD/SEC (SEE EQ. 36, 37)

02 0.0

4.659E 02

6e D4TE 02

06 1.233E~05

0.0

24379E 02 '=24544E"
060 ey g TL2E 021 5 B4BE~02 =~ 95 2BBE -

0.0

1.278E D2 ~1.883E

B.455E

""1«1113&

5.408E
3336E

=la632E

2s540E-02

1.599E~02

5.,527E
01 5.633E
01 ~5,558E
02 6.554E

01 3,080E

01 =4 4104

- - 0.0 0.0
SR ¢ Y ¢ 0.0
R s PR I () g0

. 0.0 0.0
05 3.021E 06 B.4l4E

06 ~1.739E"06 ~4.4T0E
05 —~1.227E 06 - 2,074E
05 3.,68lE 06 =5.062E

064 e TIET 05 -1 1T9E

01
02
02
02
04

02

04
06
06
05
09

~2.421E~05 ~9.396E-06 —4.879E-06
1o 064E=~02 —2.563E-05
—l g4 5BE=02 ~1,928E-02" ~2,836E~05

5,188E-02 1.648E~-05

1.683E-04" 6,531E~05 3.,391E-05
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TABLE 6.

HUB MATRICES (SEE EQ. 36, 37)

BIRIIH

' 1.915€-01 ~1.9156~01
=1e915E=01"1 9L 56~ 01

f
BIRID

| 2.465E-01 ~5.578E-03
- 2.465E=01"""575T8E=03
 5.T12E~02 ~44236E-07

BIRIO

~T7e632E 02 2.,381F 01
7+632E 02 -2.381F 01
o 2 4 HOE~0 11329602

BIRIDH

=50 286E~03 ~ 6, 286E-03
[ 29 20E=03"=24920E~03

BIRI

Le313E~04 ~1.313E~04"

~8.149E~08

Ry LG B B e e e

3.109E~01
~1427TE=02 =B84790E~03

1.277E=02 " 8.7T90E~03
~9,700E=0T =6.675E~07

3,156EF 02 1.128E 03
-3,156E 02 ~1.128E 03
=2 TT0E~02~ 3,819E-03

<o GO
v & @

>N e Rw)

~1+533E-01
""14533E-01
-1.164E-05

2.748E Q2
~2.748E 02
3.364E 03

3e736E-04 ~7.553E~08 ~1.032E-06 ~4,002E~07 -2.078E~07

~3.736E=04 T.553E-08
2eB37E~08 =2, 920E- 03

1.0326=-06 4,002E-07
-5 ¢ 237E~03-=2.087TE~03
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Note that since the responses are the steady-state periodic responses to
sin wft forcing, the response at wft = 90° is the "real" or in-phase

component and the response at wft = 0° is the "imaginary" or out-of-phase

component. Fiqures 3-12 illustrate the hub responses in the vicinity of
the antiresonant frequencies. In most cases, the imaginary component is
too small to be observed and is not plotted. These figures also il1lus=-
trate the system natural frequencies.

At each antiresonant frequency the amplitudes of the generalized co-
ordinates were determined and normalized on the largest component. These
represent cantilever coupled modes and are summarized in Table 7. A
Campbell diagram displaying these frequencies is given in Figure 13.

The actual mode shapes in each of the three directions are shown in
Figures 14-19. Figures 14 and 15 are the in~plane and torsion component
shapes. Since only one of each was used as a degree of freedom in the
simulation, these shapes are the same for all the coupled normal modes
obtained. The magnitudes are given in Table 7. The out-of-plane bending
was represented by three modes and different combinations appear for each
normal mode. Figures 16-19 illustrate these shapes for all the modes
referenced in Table 7. The amplitude of these normalized modes is the
sum of the Z1s 295 Z3 components given in the table. The small but

noticeable effect of rotor speed is illustrated in these fiqures.

SYSTEM IDENTIFICATION

In order to test and jllustrate the ROTSI methods and program, the data
obtained in the simulation runs, above, was treated as if it were actual
test data. The analytical model was first intuitively reduced to an
eight station lumped mass model as shown on Table 8.

Several combinations of these modes were used for mass identification.
A sample output is shown in Table 9 where the original parameter, the
modified parameter and the percentage changes are given. Table 10
summarizes the sample analyses that were carried out showing mean
absolute percent changes of the four parameters: m, e, 6, Km' The

results are not satisfactory as shown. In addition to these cases,
other combinations of modes at different rotational speeds have yielded
very large percentage change requirements.

Since similar analyses on other structures using as many as ten modes
and 150 unknowns have been successfully carried out, the large changes
required for all but the simplest combinations is surprising. However,
there are two significant considerations which may shed some Tight on
this problem. ‘
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Type
Tst QP

1st IP
2nd OP

3rd OP

TABLE 7.

CANTILEVER NORMAL MODES

f

(Rad/Sec)

0
20
25

0

0
20
25

0

25

w
10.19
25.25
30.49
54.55
74.20
86.25
95.52

222.0

243.3

VA
.0655
. 0408
.0354
1.0
-1.928
-.6268
-.4180
.1569

-.131

50

al
1.0
1.0
1.0
-.3393
-.3015
-.2863
-.2839
. 3240

.287

2

. 0868
.0020
-.0198
.8503
1.0
1.0
1.0
.4024

-.359

.0100
.0013
.0013

.0537
.0561

.0448
.0379

1.0
1.0

¥

. 000097
.000049
.000037
.000801
.000348
.000845
.00104

.003650

.000756
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Figure 14.
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TABLE 10. SUMMARY OF MASS IDENTIFICATION RESULTS
Input Modes
25 Maximum  Mean
Case Q=20 20 Rad/Sec  Change (%)
No. 2 34 1 2 1 2 3 (%) Change Comments
1 X .7 .3 1 Eq., 24 unknowns
la X 1.5 .6 5 mass constraints,
6 Equations
2 X X - - very large changes
3 X X 25.5 9.0 3 Equations
3a X X 26.4 9.0 mass const, 4
Equations
3b X X 24.7 9.2 5 mass constraints,
8 Equations
4 X X X 379.0 65.0 mode 3 apparently
inconsistent
5 X X 1.2 .6
6 X X 3.0 1.2
7 x x x 13.6 3.8 3 Equations
7a X X x 250.0 43.0 5 mass constraints,
8 Equations
8 X X X X 307.0 45.0 2 Equations
9 X X X X X 412.0 51.0 3 Equations
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(1) Only five generalized coordinates (modes) were used in the
simulation. The torsional mode participated only slightly in any of
the normal modes, thus there are essentially only four degrees of
freedom in the problem. Whenever the number of equations approaches
four, the necessary changes can be expected to become large. This
situation, of course, will not exist in a real test and, thus, it is
expected that the analysis of actual test data may be considerably
more successful. It is possible to use the simulation program using
up to 11 degrees of freedom and it is expected that the results of such
an analysis would be considerably improved.

(2) No case where data from two rotor speeds was used was success-
ful. It is apparent, from Figures 14-19, that the predicted changes in
mode shape with rotor speed is quite small. Thus, the equations resulting
from the same modes at different speeds will be nearly identical and
result in a nearly singular matrix. In the simulation program, as used
in this report, the same modes were used as generalized coordinates for
all rotor speeds, thus accentuating this condition. Whether the use of
actual test data will improve this situation is uncertain since it is
well known that the mode shapes change only slightly with rotor speed.

It is also noted that any combination which included the third mode at

2 = 0 yielded poor results. No particular reason is seen for this
effect, except that the second and third modes contain highly coupled

in and out-of-plane responses. Since the in-plane and first out-of-plane
mode are quite similar, there may be some analytical problems in
orthogonalizing those modes with the analytical model used.

As an illustration df the mode change analysis, keeping the mass matrix

“invariant, the three modes at @ = 25 rad/sec. were processed. The required -
changes are quite small and the results are shown in Table 11. '
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TABLE 11.

MODE CHANGES REQUIRED FOR ORTHOGONALITY

Mode 1

No change

Percentage Changes

0
.01
.02
.04
.04
.06
.09

Q = 25 rad/sec

Mode 2
W

-.15
~1.45
-2.18
~1.42

-.22

1.01

3.01

1.46
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.01
.01
.01

|<

.01
.01
.20
42
41
.58
.87
.31

Mode 3

|=

-2.53
-11.00
-.52
2.73
-.22
-1.00
3.75
4.21

e
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CONCLUSTONS AND RECOMMENDATIONS

Two separate analytical methods have been developed. They both have been
used as a basis for computer programs. The two programs are expected to
be useful research tools for evaluating rotor dynamic analytical models
in conjunction with the vacuum chamber whirl tests to be conducted at

the Langley Research Center.

The first program allows the analyst to attempt to model these tests and
to observe the agreement between analysis and experiment. The analytical
model includes the important dynamic features of the test, such as hub
degrees of freedom, non-uniform parameters, stiffness coupling between
out-of-plane and in-plane motion, and the ability to simulate forcing
frequency sweeps independent of rotor speed. The program has been
designed to allow convenient changes in parameters, number of degrees

of freedom, types of nonlinearities, periodic or transient solutions.

The effects of parameters in blade responses, natural frequencies, and
normal modes may be easily studied.

The second program, which is an adaptation of methods previously applied
to nonrotating structures, makes use of observed blade normal modes to
correct the mass and inertial coupling terms used in the analytical
model. Other options allow the analyst to study the possibility of in-
accurate modal measurements and combinations of modal and mass parameter
changes. In addition, a feature which produces controlled random varia-
tions in the measured modes allows for a study of sensitivities of these
results to inaccuracies in the observed data. The method also has the
capability of making use of modes measured at more than one rotational
speed.

Both programs have been extensively tested for validity and sample
computations have been presented in this report. The second program
which performs a class of system identification analyses, was tested
using results obtained from the simulation program. The capability to
handle more than a few modes or modes at more than one rotational fre-
quency has not been demonstrated. The lack of adequate success is
believed to be due to the relatively small number of generalized degrees
of freedom used in the simulation program. Since other related applica-
tions of this technique have been significantly more successful, it is
anticipated that the analysis of actual test data or the use of simula-
tions having a larger number of participating modes will yield useful
results.
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The simulation program has the capability to use eleven blade generalized
degrees of freedom. This 1imit is purely due to the dimensioning 1imita-
tions and simple program modifications can increase this limit to any
desired value. The simulation carried out used five modes as degrees of
freedom. The lower frequency responses obtained are believed to be quite
valid and this validity only becomes weaker as frequency ranges are
reached which in reality include participation of modes which were not
included in the analysis.

The following recommendations are made for useful continuation of this
research.

(1) Develop an analytical model, which is a better intuitive
representation of the actual rotor system to be tested.

(2) Simulate specific test conditions and make direct comparisons
with actual test responses. If obvious apparent discrepancies exist,
make rational intuitive changes in the analytical parameters whenever
such changes can be justified by consideration of the physical character-
istics of the rotor.

(3) Use actual measured normal modes in both the nonrotating and
rotating conditions to correct the mass and inertial coupling parameters
and to study the sensitivities to measurement errors. Use these results
to evaluate the possibility of obtaining significant information from non-
rotating tests alone. Evaluate the use of this method to improve the
analyst's capability to derive a more satisfactory model from the physical
characteristics of the blades prior to any testing.

(4) Use the simulation program for conditions and blades other than
those tested to study the effects of blade and hub parameters on natural
frequencies, blade and rotor responses and stability.

(5) Because the simulation program is a convenient, flexible and
adaptable program, it is strongly recommended that further developments
of this program to include aerodynamics,controls and a more comprehensive
fuselage representation be considered.
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Mass Integrals (Sta. No., Coefficient No.)

R
f=7(
X

MI(I,1)
MI(I,2)
MI(I,3)
MI(1,4)
MI(I,5)
MI(I,6)

MI(I,7)
MI(I,8)

MI(I,9)

MI(I,10)

I=1+to

APPENDIX A

DEFINITIONS OF INTEGRALS

)dx

Jmx

= [me

Smex
=  Sfmed
= fmexd

= mem
= fmkm 8

= fmAKo

6"

fK

number of blade stations
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MII(I,1)
MII(I,2)
MII(I,3)
MII(I,4)
MII(I,5)
MII(I,6)
MII(I,7)
MII(I,8)

MII(I,9)

il

It

It

JMI(I,T)
SMI(I,2)
SMI(I,3)
JMI(I,4)
SMI(I,5)
JMI(1,6)
JMI(I,7)
JMI(1,8)

JMI(1,9)



Y Integrals (Sta. No., Mode No., Coefficient No.)

YI(I,Jd,1)
Y1(1,3,2)
YI(I,9,3)
YI(I,d,4)
YI1(I,d,5)
YI(I,J,6)
YI(I,Jd,7)
YI1(1,J,8)

YI1(1,d,9)

Y1(1,0,10) =

—
u

Cu
1l

meJ

fmeYJ

fmeeYJ

fmeJ

fmeYj

1
fmexeYJ

"
f'rYJ

feATGYS

fE16'Y3

X

I e, Y
o A'J

dx

1 to number of blade stations

1 to number of in-plane modes
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YII(I,Jd,1)
YII(I,d,2)
YII(1,d,3)
YI1(1,4,4)
YII(I,d,5)
YII(I,J,6)
YII(I,d,7)
YII(I,J,S)

YII(I,d,9)

Hi

[

it

SYI1(1,d,1)
fY1(1,9,2)
IY1(1,3,3)
/Y1(1,3,4)
SY1(1,9,5)
SYI(1,4,6)
YI(1,3,7)
/Y1(1,4,8)

JY1(1,4,9)



Z Integrals (Sta. No., Mode No., Coefficient No.)

R
f=r(

X
Z1(1,d,1)
11(1,3,2)
Z1(1,d,3)
Z1(1,J,4)
Z1(1,d,5)
Z1(1,d,6)
Z1(1,d,7)
71(1,4,8)

21(1,3,9)

]
i

(<
1l

fmZJ

fmeZJ

fme&
fmeij
fmeGZj
fT23
feAT23

L7n
JE, 00 ZJ

1

X
S e 0z
o A "J

1 to number of blade stations

1 to number of out-of-plane modes
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Z11(1,d,1)
711(1,3,2)
Z11(1,4,3)
Z11(1,d,4)
Z11(1,d,5)
Z11(1,4d,6)

Z11(1,d,7)

Z11(1,d,8)

f71(1,4,1)
f71(1,3,2)
J71(1,4,3)
SZ1(1,d,4)
S71(1,4,5)
S71(1,d,6)
J71(1,d,7)

S71(1,J,8)



¢ Integrals (Sta. No., Mode No., Coefficient No.)

PI(1,d,1)
PI(I,J,2)
PI(1,d,3)
PI(I,J.4)
PI(I,J,5)
PI(1,J,6)
PI(1,J,7)

PI(I,J,8)

=
il

[«
il

fme@J

fmex@J

fmee@J

2
mem ®J

fmAK@J

qu)(D'J

2
fKA

fXK 26®'dx
o A V7d

1
T®J

1 to number of blade stations

1 to number of torsional modes
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PII(I,Jd,1)
PII(I,d,2)
PII(I,J,3)
PII(I,J,4)

PII(I,J,5)

JPI(1,d,1)
SPI(1,d,2)
SP1(1,3,3)
JPI(1,d,4)

SPI(1,d,5)



Special Integrals (Sta. No., Mode No., Coefficient No.)
R R

=77 ( )dxdx
X X

X

SI(I,d,1) = J/m/ EK-YI(I,J,])dx
0

SI(I,J,2) = /mYI(I,d,10)

SI(1,d,3) = /mZI(I,Jd,9)

SI(I,Jd,4) = /mPI(I,J,8)
R

SI(1,0,5) = Ky%0YI(1,d,1)dx
X
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v Equation Integrals

S =7
0

Ydx

DYYI(K,J,2)
DYYII(K,J,1)
DYYII(K,J,4)
DYYII(K,J,5)
DYYII(K,J,7)
DYZII(K,J,1)
DYZII(K,J,5)
DYPII(K,J,3)
DYMI(K,4)
DYMII(K,1)
DYMII(K,2)

DYMII(K,3)

[

1]

fYK YI1(1,J,2)
fYK YII(I,J,1)

JY, YII(I,J,4)

K

Y, YII(I1,J,5)

K

JY, YII1(I,d,7)

K

Iy, 711(1,d,1)

K

JY, 711(1,d,5)

K

SY, PII(1,d,3)

K

JY, MI(I,4)

K

SY, MII(1,1)

K

JY, MII(I,2)

K
fYK MII(I,3)
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DYMII(K,5)

fYK MII(I,5)

DYSI(K,d,i) = fYK SI(I,d,1) i=1+t%to4
DYF(K,Jd,1) = fYK (R - X)(meYJ)R
DYF(K,Jd,2) = fYKeAYI(I,J,])
DYF(K,J,3) = fYKEVYS
DYF(K,J,4) = fYK E 23
DYF(K,J,5) = fYK(EC]*GPS + E]O'Pé)
DYF(K,1,6) = fYK(ET + (me)RR(R - X)
R RR
DYD(K,J) = gv/f YKf S YJ
) X X
R RR
DYALII(K) = S Y /L,
0 X X

Ky d = 1 to number of (1-P, 0-P or torsion) modes
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w Equation Integrals

R
S =7 ( )dx

0

DZYI(K,J,3)
DZPI(K,J,2)
DZZII(K,J,1)
DZZI1(K,J,3)
DZZII1(K,J,6)
DZYII(K,J,1)
DZPII(K,J,1)
DZMI(K,6)
DZMII(K,1)
DZI(K,J,1)

DZF(K,J,2)
DZF(K,Jd,3)

DZF(K,J,4)
DZF(K,1,5)
DZF(K,J,6)

DZD(K,J)

DZALII(K)

Agwf ZKf A

fZK YI(i,J,3)

fZK PI(I,J,2)

fZK Z11(1,J,1)

fZK Z11(1,J,3)

fZK Z11(1,J,6)

fZK YII(I,Jd,1)

fZK PII(I,Jd,1)

fZK MI(I,6)

fZK MII(I,i) - i=1to3
fZK[(R - x)(meeYJ)R + eAeYI(I,J,l)

fZKAEGYJ

fZKEwZJ

fZK[EC]*P" + E.06 PJ]

J 1
fZK[R(R - x)(mee)R - eAre]

R RR

0o Kx'xY
RZ RR

I L0 L
o Kxx™

K, d = 1 to number of corresponding modes
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¢ Equation Integrals
R

F=7(
Q

)dx

DPYI(K,J,9)
DPYII(K,J,3)
DPYII(K,J,6)
DPYII(K,J,8)
DPZI(K,J,8)
DPZII(K,J,2)
DPZII(K,J,4)
DPZII(K,J,7)
DPPI(K,J,6)
DPPI(K,J,7)
DPPII(K,J,4)
DPPII(K,J,5)
DPMIT(K,1)
DﬁSI(K,J,])
DPF(K,d,1)

DPF(K,J,2)
DPF(K,J,3)

DPD(K,J)

DPALII(K)

K, J = 1 to number of appropriate modes

]

fay Y1(1,9,9)

Joy YII(I,Jd,3)
Jag YI1(1,3,6)
f@K YYII(I,J,8)

Joy Z1(1,J,8)

f@K 711(1,3,2)
f@K Z11(1,J,4)
f@K Z11(1,d,7)

s PI(1,9,6)
Joy PI(1,d,7)

f@K PII(K,J,4)
f@K PII(I,d,5)

Joy MI(I,1)
say SI(1,0,5)
Jog ECy* Yy
Joy ECy*Y]

f@K EC]*ZJ

R RR

g@f oy IJ @KJ

0 K x X
R RR
S oS TMe
0o Kx x

71
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APPENDIX B
USERS GUIDE
V22
DYNAMIC ROTOR SIMULATION PROGRAM

First card of each case is HEADING CARD (see next page for description
and exceptions).

A11 other data may be entered in any order (data blocks must maintain
order within block). Data not entered (after 1st case) retains previous
values (if any). A1l data is self identified by value of IO punched in
col 1,2 of card on first card of block.

INPUT SUMMARY

10 Type of Data No. of Cards Required?
01 Blade Properties Block Yes (Must precede
10 = 3,4 or 5,13)
gg B]gde Data ) 1 No (Default to 0's)
( Modes: In-Plane (Y : Block No
04 Out-of-Plane (Z)  Block No (Gt 1east one of
05 Torsion (P) Block No 3»%4»5 required)
06 Frequencies (Q, wf) 1 Yes
07 Hub Data, X,M,C,K,F 1 No
08 Y 1 No
09 7 1 No
10
11
12
13 Applied Forces, Blades 1 No
14
15
16
17 Special Controls - Nonlin, Floquet 1 No (Default to Nonlinear)
}8 Solution Controls 1 Yes
9
20
21 Special I0 Cancel 1 No
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HEADING CARD

Col 1 IC1 #0 Ends run (same as IEND = 3, see below)
2 IC2 #0 A11 input printed (else only new data printed)
IC3 #0 Prints definite integrals
IC4 #0 Prints coefficient matrices

3
4
5 IC5 #0 HWrites data on tape (see below)
6-80 Arbitrary heading

The heading card is the first card of the first case and the first card

of each following case unless the preceding case ended with IEND = 2
(see below)

GENERAL INPUT

I0 in col 1,2 of 1st card only of each block.

" IEND in col 80 of single card - see details of each block input.

IEND

1 end of data, followed by HEADING and new data

?2 same as 1 but omit HEADING card from next case

3 ends run at completion of case

No special ending required for block data input

A11 data has following format. Real and integer input may be mixed.
12, F8.0, 6F10.0, F9.0, Il

Do not use col 1 or 2 except for I8 (on first card of block)

Do not use.col 80 except to end case

~ TAPE DATA (IC5 #0)

Uses FORTRAN unit 9. Data records are as follows ¢ (in degrees,

~not Timited to 360), tip in-plane deflection, tip out-of-plane
deflection, tip torsional deflection, Xys Yy» Zye Blade 1 only
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1]
—

BLADE PROPERTIES REQUIRED

10

Must precede 10 = 3,4,5,13

10 on first card only, col 1,2 blank on all succeed1ng cards
2 cards per station (order 1,2,1,2...)

20 stations max

IEND (if used)on last card 1.

Definitions consistent with TN D-7818

‘WOrd Card 1 Card 2

X - sta (ascending sequence) EOP - EIy. (EI out of chord plane)

2 M - mass/unit length EIP - EI,, (EI for bending in chord
plane)
3 E-e GJ
4 SEA - e, EA - (if O then g is set to 0)
5 Kml - k EB1 - EB,*
my 1
6 Km2 - k EB2 - EB,*
m,, 2
7 KA - kA EC - EC]
8 THP - 0' built in pitch - rad/ ECS - EC1*
unit length _
10 = 2 BLADE DATA  OPTIONAL (Default to 0)
Word
1 NB - no of blades 4 max éDefau]t to 1 if no hub DOF
Default to 2 if hub DOF included
2 THO - eo angle at x(1) - radians
3 BPC - BPC - pre-cone - radians
4 GV - blade damping, 1-P appropriate units, viscous
5 GW ~ blade damping,0-P appropriate units,viscous
6 GP - blade damping, torsion appropriate units,viscoUs
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10 = 3 MODES IN-PLANE Max 3 modes
(At Teast

10 = 4 MODES OUT-OF-PLANE one of I0 = Max 5 modes
3,4,5 reqd)

I0 = 5 MODES TORSION Max 3 modes

Each mode has one set of input - second derivative at each station
followed by the first derivative at station 1 (slope and deflection
are obtained by integration and normalized to unit deflection at tip)

Input - 8 elements per card - as many cards as necessary (3 max),
all functions start on new card

‘10 on first ( )" card - all other col 1,2 blank
IEND (if used) on Ist ( )" card of last mode

Order of input:

1st mode: ( )"x] ( )"X2 ( )"X3 e o e

( )“ * s
X9
‘new card )'X word 1 only, slope at station 1 (normally = 0)
|
1
§new card ( )xfﬂ word 1 only, deflection at station 1 (normally = 0)

next mode ( )“X ( )"X o e e
new card 1 2

etc

' I0 = 6 FREQUENCIES  REQUIRED

Word

1 OMEG - @ - rotor speed,rad/sec
2 OMF - we - forcing frequency, rad/sec
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I0 = 7 HUB DATA, X  OPTIONAL

10

8 HUB DATA, Y OPTIONAL
I0=9

HUB DATA, Z  OPTIONAL

Impedance in each direction may be represented as spring-mass-damper at
frequency We. Data omitted implies infinite impedance. If any hub data

is input - at Teast two blades required.

Word
« ,
1 HM y Mass
z
2 HC vy Damping Coeff
z
X
3 HK y Spring Rate
(1) , L S———
4 HF EZ% Force - multiplied by sin wet QOr by T if we = 0)
3 ,

i
H
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10 = 13 APPLIED FORCES, BLADES OPTIONAL

Load may be applied at any one station, but in three directions. Ampli-
tudes are multiplied by sinu¥t (or by 1 if we = 0). Forces may be

applied to one or all blades. wet always refers to blade 1, however,
producing "umbrella mode" forcing. (See I0 = 7, 8, 9 for hub forcing).

Word

1 NXF Station index number (see I0 = 1)

2 AFY Amplitude in y direction

3 AFZ z

4 AFP ) '

5 NBF Blade number to which force is applied - O applies forces

to all blades simultaneously. If >NB, NBF is set to O.
6 PER Period as fraction of 360° (1 - cos) force is applied

from ¢ = 0 to ¢ = PER*2., OMF (I0 = 6) is ignored.
Integration interval must be selected with core (I0 = 18).

Note: 1If in-plane hub degrees of freedom are used (IO = 7 or 8) AFY or
NBF must = 0.
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10 = 17 SPECIAL CONTROLS - NONLIN, FLOQUET OPTIONAL (Default to
nonlinear, no
floquet)

FLOQUET OPTION: Produces Floquet transition matrix using force cycle (wf)
unless We = 0 then rotor cycle is used. Note that if in-plane hub D-0-F

are used equation contains terms periodic in Qt. If a force is applied
then the boundary conditions for a (linear) periodic solution are
determined and solution is executed for number of cycles specified in
I0 = 18. This overrides any other initial condition(s).

A maximum at 15 degrees of freedom are allowed for this option (30
variables including velocities).

Word
1 NLIN = 0 A1l nonlinear terms included
= 1 In-plane nonlinear terms only
= 2 Linear terms only
2 NFLOQ = 1 Floquet option (see discussion just above)
= 2 Same as 1, but steady effects of offsets and twists

and precone are ignored.

I0 = 18 SOLUTION CONTROLS  REQUIRED

- Errors and initial conditions are limited to one variable.

Word
1  CYCLES Number of force* cycles for solution to run
2  HINIT Number of integration intervals per cycle
3 ERROR Error bound (appropriate units), see IYE
4 IYE Index of variables tested for ERROR**
5 CIC Initial condition (appropriate units), see IYIC
6 IYIC Index of variable for initial condition
-7 BERR Upper T1imit (abs) of variable (IYE) which stops run.

If = 0 no 1imit
* Force cycle is used unless we = 0 (I0 = 06), then rotor cycle is used.

** See section on variable numbers following.
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I0 = 21 SPECIAL 10 CANCEL OPTIONAL

For cases after the first, I0's previously used may be cancelled. When
this option is used all coefficients are recalculated and IC2 is set to
1 (see HEADING CARD) to insure data printout. There is no necessity to
cancel when data is replaced.

Word

1-8 I0's to be cancelled (0's <gnored)
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VARIABLE NUMBERS

In 1018 the variables are referred to by numbers. These numbers are
as follows:

Je—t

Variable

11 ¥q Blade 1 I = 9 + 2 NM(IB-1)

. no., of modes

]
w
<
N
=
=
i

° last y IB blade number

¥ Blade 2
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ERROR MESSAGES

Certain errors terminate the run. Others are warnings with correction as
indicated below. A1l error numbers refer to a Fortran statement number
in vicinity of error. (A11 are in INPU except for the 5000 series which
occur in SOL).

NUMBER REASON TERMINATE NUMBER REASON TERMINATE
10 Inactive IO Yes 510 1013, NYF<0 CR  Yes
11 " Yes SNX ~
14 " Yes 511 1013, A1l forces 0 Yes
15 " Yes 512 1013, NB <NBF <0 No,
16 " Yes Sets NBM to  NBF*
19 " Yes 6 :

20 " Yes
200 Invalid IO Yes
202 More than one input No, I0* 1100 1018, Error<0 Yes
of same 10, last one 1105 1018, IYIC <0 Yes
used 1106 1018, IYIC > NDIM ‘Yes
203 1021, Attempt to cancel Yes 1107 1018, IYE<O Yes
invalid I¢ 1108 1018, IYE>NDIM  Yes
215 161, Stations out of seq Yes
216 101, Too many stations Yes

- 262 103, Too many Y modes Yes
| 264 104, Too many Z modes Yes
266 105, Too many P modes Yes

500 No I0 =1 Yes 5010 Too many D-0-F Yes

501 No I0 = 3,40r5 Yes for Floquet
502 No I0 = 6 Yes 5030 IHLF = 11 Yes
506 102 NB >4, set to 4 No, NB* 5031 IHLF = 12 Yes

507 102 NB<1, set to 1 or No, 1*¥ 5032 IHLF
2 (2 if HUB DOF)

509 10 = 18 Missing Yes

510 In-plane hub with No, NBF*
AFY<OR<NBF+NE<0

13 | Yes

* This quantity is printed with warning.
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USERS GUIDE

T

=EF R dRstarsEareE

: \

INPUT oo e SELE T LI AR
" coL
(1) HEADING— 1-1cL -EQ 0 FIRST OR-NGRMAL-RUN .~ -ALL—INP UT— -
: : 1  REPLACE MODES — INPUT 3,%,5
|2 ADD HODES — INPUT 4.5
| ’ 8 NEW 07 CODE ONLY - INPUT 5
' - ) 9 END GF RUN ~ LAST CARD OF 2UN
_ o oL
} 2 1C2 .EQ.1 PRINTS ORTHO CHECKS .
S 2 AND NORFALIZES MGIES

NOTE~—*ODES ARE REPLALED:

cr

31C3- \NE.O—-PRINTS - EQS— FOR-4ASS-I3ENT-

- AFTER INPUT

§ "4 1C4 JNE.Q ' RESTGRES INPUT MIDES, IF I€1.EQ.8
N , sNEer " RE 2 INE « ,
? 5-80 ARBITRARY HEADING  HEAD{1SG)
€2) MASS CATA - ONE CARD PER BLADE STATION 20 MAX
E e e e 3 =1 0= X (1) - STAT 1IN — — S
~ RN B 1 # (SEE NOTE) wWM
) 12-20 M =~ LUMPED MASS

e et e i P E e A SEE-NOT B} - WE~ e moem e e e el Ll
i . 22-30 E - CG OFFSET FRCM SA  + WHEN CG ;f:anzs
| S 31 * {SEE NOTE) AF

s e e i e 3240 - TH- = PITCH ANGLE ~- RAD - -mamoin o = s e

41

42-50 . KM

# {SEE NOTE) WK

RADIUS OF GY2ATION IN T3RSISN

%
FROM 1-9 {(0=1)

15T COL OF EACH WORD CONTAINS -WEIGHTING FALTOR -
HIGHER VALUE INDICATES GREATER CDNFIDE*”E

i SEE-101—=-3—_w D1

END WITH BLANK CARD

" (3} CCNTROL CARD — MODES
e 1~10 ~CALY - MULT IPLIES I—P- ODE- DEFL-— {351 )———
11-20 CALW - MULTIPLIES ©-P 43D DEFL (3=1)"
21-30 CALP MULTIPLIES T4OR HODE DEF o=1)
—— -31~40--THO- ——RODT- PITCH ANGLE-— RAD-

CADDS TO TH = €7TH NDT CHAXSED )
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14) NODES — STATIONS CORRESPOND TD MASS DATA . R -
F— EACH MODE - © 1-10 FREQ NATURAL o, RAD/SEC
; S . 11~20 OMEG.  ROTATIONAL, RAD/SEC

- 21~30 _[F. .NE. O TEMPORARILY.REPLACES.-CALY S
| '31-40  IF .NE. O TEMPORARILY REPLACES CALW

E 41~50 1F JNE., O TEMPORARILY REPLACES CALP.

. - s . e

; NEXT CDS V I-P DISPLACEMENTS, 8F10. "UP TO 3 CARDS

é NEXT CDS - W G-P - . START ON NEW CD
fW.‘_M..__..ﬁ....‘r\:Exr COS— P TOR- - i,

é' o FCLLOW BY NEXT MODE ~ 8 MODES MAX AT ONE OMEG

[ ~16.MBDES -MAX AT_ALL.OMEG
- ' - #%% 30 EQS %AX (NOT  INCL INVAQIANCESB *EE

i

L~——-~—~END WITH- _BLANK_CARD: LT .

I
t

(5) OPSRATIGN CODES COL 1,2 101,102

}—4—_——~»nmc0L—1-_Lcl : S SRS RN

r——-—1—-—HUDIFY NODES»HITd RANDOM~ERRORS»—»—MDDES REPLACEDM———w_—

WDl PERCENT RANDOM + OR-— RECTANGULAR DIST
WD2—- PERCENT- BIAS-

wD3 INTEGER SEED TQ éTART RANDOM SEQUENCE

%% FOLLOW-8Y -NEXT-CPERAT ION-CARD- {5} %%

; 2 SOLVE FOR MINIMUM MODAL CHANGES — MASS_MATRTX UNCHANGED

ALL MCDES MUST BE AT SAME OMEGA ~ 8 MAX

FIRST MODE UNCHANGEDs LAST HODE WILL CHANGE MOST

MINIMUM_SUM_ PERCENT--CHANGES -USED -
’VHEIGHTING FACTURS NOT USED "IN THIS OPTION o o

WDl EQ.0~_NC— IMIT ON-CHANGEQ : - —
WDl.EQel LIMIT CHANGES - SCALE OPTION :
WD2-8 MAX PCT CHANGE ALLOWED IN EACH MODE.

CHANGES-ARE-SCALED -SO-MAX_CHANGE .+ L EL. . MAXIMUM

] INDICATtS NO LIMIT.

— EDI;EQ.ZH-LIMIT"CHANGES PQTRUNCATE-UPfION ,*;“,;__h;i;;;_
) WD2—8 SAME AS FOR SCALE GPTIONEXCEPT THAT ONLY'
CHANGES WHICH EXCEDE LIMITS ARE TRUNCATED.:

OTHER -CHANGES ~ARE-NOT-MODBIFRIED--
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1.3 . INCOMP MODEL™ MASS CHANGES o . «oo . e Lo e

: WDL.EQ.1 WEIGHTING FACTO2S ALL SET T0 L (TE4P)
S WD1.EQ.2--STAS WITH-INVATLANT PARAM.-—READ-5(4)

. . THE FOLLOWING CCNTROLS CAUSE THE CQRQ:SPGNDING
i PROPERTIES- TO REMAIN. INVARIANT- IF-NE. o.~~~ff——e~—«~
.COL 20 TOTAL MASS M
30-—RADIAL--CG——r-MEX——
40 CHORDWISE CG = M¥E B
50  FLAPPING MOM DOF INERT MEXE22 0, - L
.W_WM‘HWW”,“WW;AM.m 60 - - FEATHERING MOM- GF IN:RT e MEKMEE 2

e TOL- 2162

S W 2

0 ABOVE.OPERATIONS DO NOT DISTURS ORIGINAL DATA ~

1 - ABOVE DPERATIUI\S REPLACE DRIGE'\]AL DATA 1IN PREPERAT(ON

FOR SEQUENTIAL OPERATIONS , _ T
(541 USED UNLY FOR INVAR srAs.l SEE 3,ABOVE, WOL.= 2 |
COL1 = NO GF STATIONS {8 MAX) o
WDLsWD2y4+oSTATION NUMBERS, NO ZEROES
NEXT HEADI NG CARD, L e e ST e , 
FEREERSBEAEEEREEEEEEARER FRE S B B DR AR R AR S A A SRR A £ RS R EA R RS $R
I ******####**::*4***::;:*:**:#:*::****,*m********:**zz;****wft:#*****:—;::
I - - PN . - e . . o -
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APPENDIX C
PROGRAM LISTINGS

v2z2 vaz v22 ‘ 00000010

. : 00000020

REAL MsKML ¢KNM2 4KA . ) 00000030
LOGICAL LY ' G0000040
COMMON FOR INPUT 00000050

COMMON/INDAT/X(ZO)9M(2011E(20),SEA(20),KMI(ZO),KMZ(ZO).KA(ZO); 00000060
1 THPL20) sECP{20) ,GJ(20) »EA(20),EBL{20),EB2{20), ECS{203-.EIP{20), 00000070
2 THOSBPCYPP{20¢3) yYP120+3),2PP(20,5)sZP{20+5),PPP(20:3),PP(20,3},00000080

3 OMEG+OMFsEC{(203,NY NZ,NP, NV, OMEGS, OMFS, IDIM, NMAX,NLIN : 000000950
4 9 NB oHMX sHMY s HMZ s HCX o HCY 9 HCZ 5 HKX » HKY y HKZy NX o NFL OQ . 00000100
S JHINITSERRORsIYE,CIC,IYICsBERR +CYCLES sNXFy AFYyAFZyAFP,NBF 00000110
6 R 4GVGUWH6PHE {3) , PER . 000001 20
COMMON COEFFICIENT MATR ICES “000001 30

C OMMON/COEF/COI{11,11),0C01{11,11),C0OD{11,11),0C0D{11s11), 000001 40
1 CO{11,11) ,0CO{11,11),F(11),0F(11},FNLLL1L1},COIR(1L,122), 000001 50
2 CODR(LL 4113+COR{11,11)FR{11I4RICCE1L,12)48BFELL) - 000001 60

3 4BIN{3,11)+BDAMI{3,11),BSPR{3,11),COINH(21,s3},CODH(11,3},BIRI{3+11)00000D170
44BIRID{3,11) ,BIRIO(3,11)sBIRIDHI{3,3 )pHF(3)¢TM(3y3)yBIRIIH(3q3 } 000001 80

5 yHC(3,3) sHK(3,3) , 000001 90
COMMON FOR HEADING, CCNTROL DATA 000002 €0
COMMON/HED/ L CL+1C2,1C3 ¢1C4HEAD{ 19 )y IPAGE, INPUT{ 20 ), IEND,L INE,IC5 00000210
COMMON DIMENSION CATA 000002 20
COMMON/DTM/NINPUT,NST A, NYMOD Ey NZ-MODE» NPMODE, NHODEy NM1, NDIM,NBLADE 00000230
. CCMMON BASIC CERIVED DATA 000002 40
COMMON/DER/THI{20 ) yEV (2009 EW(20),EP (20} 4Y{ 20,3} y202045),P (20, 3) 00000250
COMMON VARIABLES AND SCLUTION CONTROLS 000002 60
COMMON/VAR/YVAR(98) 3, DERY(98) y PRMT {6) ,LY{ 98) 000002 70
DI VENSIONALIZATION ' : 00000280
| ' ; Lo
NINPUT = 20 - 00000300
NSTA = 20 00000310
NYMODE = 3 00000320
NIMODE = 5 00000330
NPMODE = 3 20000340
NMODE=11 - » ' 002003 50
NML = NMODE+1 , 000003 60
NBLADE = 4 . , 00000370
NDIM = 98 . ' _ . 000003 80
DO L0 I=1,NINPUT 000003 $0
F51=1,0E+51 : 000004 00
10 INPUTSI)=0 : 00003410
ICASE=0 , ' 00000420
IEND = 0 © 00000430
20 CALL INPU (ICASE} - 000004 40
CALL INPU (1CASE , . 000001
LINE = 100 B A 000004 60
CALL  SOL(PRMT ,YVAR,DERY , IHLF, LY} ' ' 00000470
TF(IC5.NEZ0) WRITE(9) (F51,1=1,7) . . 000004 80
100 IF(IEND.EQ.3) CALL EXIT , 1000004 50
. i
60 T0 20 . , 00000510
END \ : . 00000520

o o . o



FUNCTION DINT (DUMP,DUNMPP.X,o KX)
DuMP IS INTEGRAL OF DUMPP

REAL DUMP{1l) ,OUMPP{1},X{1)

CALL INT (DUMP sDUMPP 0 ¢y XaNXy 1)

DINT=DUMP {NX)
" RETURN
END .

-FUNCTION DINTL (AyB,I1

1N X NAyNXy CUMP, DUMPP }

REAL A(NAoL) oB{NA,1),X{(1),DUMP{1),DUMPP(1)

DO 10 I=1,4NX
10 DUMPPITI)= A{I,I1)%*B{I4N}

CALL INT (DUMP,DUMPP 40 s XyNX51)

DINTL=DUMPINX)
RE TURN
END

FUNCTION -DINT2 (A,B,11,12,N,KByXsNA, NX,DUMP, DUMPP)

REAL A(NA2L) »sBINAJNBs1 ) 4X{1)+LUMP{1),0UMPP{L)

DO 10 I=1,NX

10 DUMPP(I) = A{I,I1) * B(I,

I124N)

CALL INT {DUMP,DUMPP,04XsNXs1)

DINT2=DUMP (N X}
_ RETURN
END

SUBROUTINE ERR{N,I)
1 = 0, TERMINATES RUN
PRINT 1OsN

I NE O WARNING ONLY, PRINTS 1

10 FORMAT{//710X 1 7H*%% ERROR NUWMBER

IF (I.NE.O} GOTO 20
CALL EXIT
20 PRINT 3051

159 5H  *¥%

30 FORMAT (20X, 20H¥#%x WARNING ONLY k% ,15//)

RETURN
END
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00000010
000039020

00000030

Q0000040
00000050
00000060
0C000070

00000010
00000020
00000030
00000040
00000050
00000060
00000070
00000080

00000010
000060020
00000030
00000040
00000050
08000069
00000070
00000080

00000010
00000020
00000030
00000040
00000050
00000060
Q0000070
00600080
Q0000050
000001 G0



[

SUBROUYINE FCTHT 4YVAR,DERY, LY, INDIM) ’ 00000010

NOTE INDIM NOT USED INCLUDED FOR COMPATABILITY ONLY 00000020
MULTI BLADES, 3 DOF HUB, NON-LIN CORIOLIS FORCES 00000030
DIMENSION YVAR{1).DERY {1} . 00000340 -
LOGICAL LYI1) ) g 00000050
REAL MoKML sKM2 ,KA : ’ 00000060
REAL DUMP{20),DUNPP(201),VDML20) 00000070

REAL VD(ZO)QVDP(ZOlsVP(ZO),VPP(ZO)vND(ZO)erP(20),HP(20).WPP(20l 00000080
COMMON/INDAT/X120) sM{20) +E(20),SEAL 20} +KM1(20)+KM2{ 20)sKAL20), 00000050
1 THP{20)+ECP(20) sGJ(20}4EAL20),EBL(20),EB2{20},ECS{20},EIP(20), Q00001 Q0
2 THO.BPC,YPP(20,3) sYPL20+3)+ZPPL204+5)5ZP{20,5)4PPP{2023):PP(20+3) 00000110

3 OMEG yOMFEC{203 o NYoNZyNPyNVyCMEGSy OMFS, IDIMs NMAX NL IN 00000129
4 o NB gHMX g HMY o HMZ yHC X9 HCY o HCZ 9 HKX ¢ HKY » HKZ » NX o NFL OQ Q0000130
5 JHINITSERRORIIYESCIC,IVIC,BERR ,CYCLES sNXFsAFY; AFZ,AFP4NBF QO00D1 40
6 JRsGV,,GWLPHE(3)PER 000001 50
COMMON/COEF/COTI(11 4114,0C01{11,11),C0D{ 11,113, DCODI11,11), 00000160
1 CO{11+11)+0C0(31,113FC11),CF(11),FNL{11),CO0IR(11,512)5 000001 70
2 CODRI{11 »11)4CCR(1L 11} ,FR(LL},RIOC{1Le12),BF{11) 000001 80

(9BIN(3,1114BDAM(3 411} 4BSPR{3,11),COIH{11,3),CODH{11+3),BIRI{3,11)000G0190
4yBlRID(3’111,BIRIO(3;11):B[RICH(3;3 by HF(3), TM(3,33,BIRIIH(3,3 } 000002C0
5 4HC (3 ,3) +HK (3 43) . 00600210

COMMON/HED/ICL 51C2 ,1C3 ,1C4,HEADI 19 ), IPAGE, INPUT(20), 1END,L INE,IC5 00000220
COMMON/DIM/NINPUToNSTAsNYMODE, NZ MODE, NPMODE, NMODE,NM1,ND IM,NBLADE 00000230

COMMDN/DER/THIZ20) yEV(20) 2EW(20),EP(20)4Y{ 20431 42{20+5)+P120,3) 00000240
NOTE DO NOY, 0O NOT USE CCMMON/VAR/ C RdkRdckakoRk Rk kbR RE% % 000002 50
LOGICAL LHUB 000002 60
INTEGER ICOL{4), IROW{4) . 00000270
REAL XHD{3) s XH(3)9XHDD(3)FIB(1144) 000092 89
REAL YB(ll)rYDB(11)9HUBI(314),HU5613,4)1HUBBV(3,11);HUBBD!3:11)¢ 00000250
1 HUBBF{3+11),HUBB{3)+SINB(4)},COSB{4},PST (4)sRES{11),FB(11), 000003¢C0
2 HINV{3,4) ,YDDB{(11l} - 00000310
LHUB=2FALSE,. 00000320
IF(LY{1).ORaLY(3).0R.LY{(5)) LHUB=,TRUE. : 00000330
SOFT = SIN(OVMF%T) ‘ 00000340
IF{OMF.EQ.Q) SCFT = 1. ) . 00000350
IF{.NOT.LHUBIGC TO 45 00330360
PSI(1)= AMOD(T*OVNMEG,6.28319) . 06000370
DPSI=6428319/FLOAT(NB) 00000380
- SINB(L)=SINUPSI{1)}) 00000390
€0S8(1)=CasS{PSI{1})) . 000004 CO
DO 10 IB=2,NB ‘ 004004 10
PSI(IB)=PSI{IB~1)+DPSI 00300420
IF(PSI{IB)aGELH,28319) PSI(IB)=PSI(IB)-6.28319 00000430
SINB(IB)=SIN(PSI(IB}) 00000440
10 COSB(IB)=COS(PSI(IB)) ) . 00000450
DO 20 1=1,3 ’ . 00000460
DG 20 J=1,3 00000470
HUBT (I 3J)=TM(I1 ,4} ' ) ’ 00000480
20 HUBC (I ,J)=HC (T ,J) : 00000490
DO 30 IB=1¢NB . 000005 C0
HUBI(1,1) = HUBI{1,1)-SINB(IB)}*%2%BIRIIH(1,1) 00000510
HUBI(142) =

HUBI {1 ,2)~SINB{IE)2COSB( IBI*BIRIIHI 1,2} 00000520

.
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30

40

45

50

60

65

HUBI (2,1) ,
HUBI {1,3) HUBI (1+3)-SINB(IB)}#BIRIIH{ 1, 3)
HUBI {3 41) HUBI {3 ,1)~SINB{IB}*BIRIIH{ 34 1}
HUBT (2 ,3)=HUBI (2,43} -COSB(IB) *BIRIIR{ 2y 3)-
HUBI (3 +2)=HUBI (3 ,2)~COSB{IB) *BIRIIH( 3y 2)
HUBI {292)=HUBI {2 52)~COSB{IB) ##2*BIRI IH{2,2)
HUBI {3,3) = HUBI{3,3)}-BIRIIH{3,3)

# i

HUBC{14+1) = HUBC{1,1}+SINEB{IR)*CCSB{IBI*BIRIDH(1,1}
HUBC {142) = HUBCA{1,2)+SINB(IB)*SINB{IB}*BIRIDH{1s2)

HUBC(2,1)=HUBC(2,1)+COSB{IB)*COSB{ IB)*BIRTDH{(2,41)

HUBC {13} = HUBC{1,3)+SINB{IB)*BIRIDH{ 1,3}

HUBCI(3,1) = HUBC(3,1)+COSBL{IBI*BIRIDH{3,1)
HUBC (24+3)=HUBC(2 ,31+CASB{ IB)*BIRIOH{ 2, 3)
HUBC (3 42) =HUBC{3 ,2) ¢+SINB{IB)2BIRIDH( 3,y 2}
HUBC {2:2)=HUBC (2,2} +COSB{IB) *SINBL IB)IXBIRIDHL 2,2}
HUBC {3 ,3) = HUBC(3,3)+BIRIDBHI{Z,3) : )
XHO (1) =YVAR{1)
XH (1)=YVAR(2}
XHD (2) =YVARL3)
XH (2)=YVAR{(4)
XHD{3) =YVAR{S5)
XH {3)=YVAR(6)
DO 40 [=1,3
RHS(I)=HF (1) 2SOFT
CALL MXV{RHS sHUBC+XHD+3,3534 1)
CALL MXVIRHS sHK 3XH 9343935 1)
DO 200 IB=1,NB
I=10+NM*x{IB~-1) %2 -
DG 50 J=1,NM
I=I+1
YOBA J)=¥VAR(I)
I=1+1
YB {J)=YVAR{I)
IF(.NOT.LHUB) GO T062
DO 60 J=1,NM .
HUBBVIL yd3=SINB{IB)*BIRTOD(1,J)+CCSBIIBI*%BDAY(1,J)
HUBBV(2+4)=CCSB(IB)*BIRID(2,J)+SINBL IB)*BDAM{ 2,4}
HUBB V(3 ,J)=BIRIDI{3,J)+EBLAM(3,4)
HUBBD(1 ,J)=SINBUIB)#BIRIO(1, )
HUBBD (2 ¢ J)=CCSB{IBI*BIRIC(2, N)
HUBBD(3,J)=BIRID(3,J)
HUBBF (1 4J)=SINB{IB)*BIRI{ 1, )
HUBBF (2 s J}=CCSBUIB)%XBIREL 25 4d)
HUBBF{3 43} =BIRI(3,J)
DO 65 I=1sNM
FNL(I)=0
NCN LINEAR TERMS SUM MODES
IF{NLIN.EQe2) GO TO 160
IFINY.EQeD) GO TC 160 )
CALL SUMDODE (VD, YDBy YoNSTAPNX,4NY)
CALL SUMODE (VEP,YDB,sYP SNST 8,NX,NY)
CALL SUMODE (VPP ,YB,YPP oNST A, NX4NY)
CALL SUMODE (VP,YB,YP 2 NSTASNX gNY )
DO 70 I=1,NX
WD (1)=0

88

HUBI(Z'I)-SiNB(IE)*COSB(IB)*BIRIIH(Zol)

00000530

60000540
40000550
00000560
00000570
00000580
00003590
00000600
00000610
00000620
00000630
00000640
00000650
000000660
33023670
00Guo6 80
0o0ul6S0
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000780
00000750
0000080C0
00000810
00000820
00000830
00000840
00000850
00000860
00000870
00000880
020008%0
000009C0
000009190
00000920
00000930
00000940

T 00000950

00000960
00000970
00000980
00000950
00001000
00001010
043001020
00001930
00003040
00001050
00001060 |
00001070



70

80
. 85
90
95

100

WP (1)=0

WDP{1}=0

WPP(I)=0

IF(NZ.EQ.O0) GO TCQ 85

DO 80 I=14NZ

DUMP {I)= YB{NY+I)

DUMPPLI)= YDB{(NY+I)

CALL SUMOBE (WD DUMPP4Z o NSTA,NX,NZ)
CALL SUMCDE (WDP,DUMPP,ZP sNSTA,NX,NZ)
CALL SUMODE (WPPDUMP ,ZPP4NSTA,NX,NZ)
CALL SUMODE (WP oDUMP ,ZP oNSTA,NX,NZ}
D0 90 1I=1,NX

ouMPPLlL)= VDP(I)*VP(I)+NCP(I)*HP(I)

CALL INTIDUMP,DUNMPP 303X sNX 1)

DO 95 I=14NX

DUMPPLI)=MIT }%VD (1)
CALLINT(VDM,DUNPP,0, X,hX,Zl
00 100 I=1,NX

DUMPP LI} =ML )= (DUMP(TI}I-VD(I}RVP(I) }+VPP(I}avOM(I]

. CALL INT(DUMP,DUNPP 04X sNXs2)

110
i20

130

135
140
150
160

170

175

180
190

CALL INT(DUMFP:;DUMP 04X sNXe2}
DO 120 J=1,NY
DO 1107 I=1,NX
DUMPLLI=Y {1 J) *DUMPP(T)
FNL{JS) =DINTIDUMPF, DUMP s Xy NX } #2.4CMEG
IF(NZ,EQ.0) GG TC 150
IF(NLIN.EQel) GO TO 150
DO 130 I=1+NX
DUMPP LI =WPPL{I)*=VOMILI-MITI)%VT{I)*WP(I}
CALL INT{DUMP,DUMPP 0 +XsNX,21
CALL INT{DUMFPDUMP+0 X 4NXe22)
DO 140 J=1,NZ
D0 135 I=1,NX
DUMPLI}=Z L], 3) *DUMPP(I)
FNLINY#J)=DINT{DUMPP ¢DUMP s X4 NX1%2, ¥OMEG
CONTINUE
DQ 170 I=14NV
FBLI)=FROI}+FNLLT)
FIB{I,IB)=FB(I)

BLADE FCRCING
IF{INPUT{13) ,EC.0) GO TO 190
IF(NBF.NE.O. AND. IB.NE.NBF) GO TO 190
DO 180 I=l,N¥
IF{BF(I).EC.0) GC TO 180
IF{PER.NE.0O) GO TO 175
FBAI) = FB(I)}+BF (T)*SOFT
GO T0O 180
CONST=PSI(IB)}/PER
IF{CONST.GE.6.28319) GC TO 180
FBUL)=FB(I)+BF{I}*{1.0-CCS{CCNST )
FIB(I.IB) = FB{(I]}
IF{-NOT.LHUB) GO TO 200
CALL MXVORHS sHUBEV ,YDB 339KMy 3, 1)
CALL MXV{RHS 4HUBED,YB 434NMy3,1)
CALL MXV{RHS ,HUBEF yFB 434NMy 341)

89

00001080
00001090
000011 00
00001110
ogoo01120
00001130
000011 40
00001150
00001160
00001170
00001180
000011 S0
Q00012¢0
00001210
00001220
00001230
00001240
00001250
00001260
00001270
0000L2 80
00001290
00001300
000013190
00001320
00001330
00001340
00001350
00001360
G00013 170
000013 80
00001350
00001400
00001410
00001420
00001430
00001440
00001450
00001460
00001470
00001480
Q0091490
00001500
03001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
Q2001550
003016460
00001610
00001620



200 CONTINUE 00001630

IF{.NOT.LHUB) GO 1O 300 : ’ 00001640
CALL {NVRS(HUBI,a,HINv,HUBC.1RGW.1C0L,3.4) 000016590
CALL MXV{XHDD+HINV »RHS 335343,0) . 00001660

" NOTE THAT ALL 3 HUB MOTIONS COMPUTED, THEY ARE IGNORED IF NOT 00001670
IFLLY{(1}) , 00001680
1DERY(1) = XHDD(1) , ‘ 00001650
TIF(LY(2)) - i 00001700
1DERY(2) = YVARIL}) ’ ' . ) - 00001710
IF(LY(3}) . 00001720
1DERY(3) = XHDD(2) ’ oo 00001730
IF(LY(4)) 00001740
LDERY{4) = YVAR(3) - 00001750
IF(LY(5)) 00001760
1DERY{5) = XHCD{(3) ‘ : : 00091770
IF(LY(6}) , 00001780
1DERY(6) = YVAR(5) ' g v . 00001790

o BLADES ‘ . 00001800
300 DO 360 IB=1,NB ' ' 00001819
I=10+#NM* (181} %2 o 00001820

DO 310 J=1,NM ( 00001830
[=1+1 : 00001840
YDB{J)=YVAR(T) : 00001859
I=i+1 o 00001860

310 YBU(J)=YVAR(I) 00001870
DG 320 I=1,NM ’ . 00001880
"320 RHS(I)=FIB(I,1B) o 00001 850
CALL MXV{RHS ,CODR, vne,hv N¥y AVCDE) 1) 000019¢0
CALL MXVORHS 4CTR ,YB »NMyNM; AMCDEs 1) 00001910

I1F (o NCT.LHUB) GO TQ 350 ° : 00001920
DUMP (1) =SINB{IB) #DERY (1) 00001930
DUMP (2) =CCSB{1 @) ¥DERY(3) . 00001940
DUMP (3] =DERY(5) 00001950
CALL MXV.ARHS ,CCIH,DUMP, hMg3ohWCDE,1) 00001 960
DUMP (L) =COSBA{IB) *XHD(1) ' 00001970
DUMP(2) =STNB (I8} #XHD(2) 00001980
DUMP(3) =XHD(3) ‘ 00001950
CALLMXV (RHS yCODHyDUMP 4NM534 NVODE, 1) 00002000

350 CALL MXV (YDDB,RIOC,RHS ;NMsNMy NMODE, 0) ' : 00002010
I1=10+NM=(IB-1) %2 00002020

D0 360 J=1,NM C - 00002030
I[=1+1 ' _ 08002040
DERY (I} =YDDB(J) . 00002050
[=1+¢1 : 06002060

360 DERY(I}=YVAR(I-1) ' 00002070
RETURN : ' 00002080

END 00002090

90



SUBROUTINE HEADIN

100 FORMAT (1H1,9X,13Hv22

1
2

COMMON/HED/ICL,IC2,1C3,1C4,HEADI 19), IPAGE, INPUT(20), LEND,L INE,IC5

I PAGE=1PAGE+]

PRINT 1004IC121C2+1C341C4+IC5,HEAD,TPAGE,( 1y, 1=15201), INPUT
11712776 /10X 51 5Hwmm ~——emee— &%,

L 19(5H *%*%%})/ 8X9512+14X s 1974y 3X+ 4HPAGE, 15/
10X 10(5H% k%) ,2013/50Xy 1O0HINPUT =

RETURN
END

91

22013}

00000010
00000020
006000030
00000040

006000050
00000060
006000070
000060080
00000090



¢O 0O

SUBROUTINE IAPU (ICASE) ' . - . . 00000010

v-22 . - 60000020

: : ) 00000030

REAL MoKML 4KNM2,KA ’ : 00000040
LOGICAL LY : 00000050
LOGICAL LCALC ) 00000060
INTEGER TROW{(12) ,ICOL(12} ’ : 00000070
COMMON FOR INPUT 00000080

COMMON/INDAT/X(20) 4M{20) ,EL20),SEAL 200 oKM1{20),KM2(20),KAL20), 00000050
1 THPI{20) +EOP{20) +GJ{20),EA(20),EBL{20),EB2(20),ECS(20),EIP(20), 000001 C0
2 THO+BPCYPP(20+3)+YP(20,3) +2PP{20+5),7ZP(2045)+PPP(20+43)5PP(20+3),00000110

3 OMEG OMF yEC(20 ) yNYsNZ yNPo NN,y GMEGSy OMFS » IDIMy NMAX o NL IN 00000120
GaNB o HMX JHMY s HMZ o HCX ¢ HCY o HCZ o KX 9 HKY g HKZ3 NX . NFLOQ - 00000130
S HINITYERRORJIYELCIC,IYICy,BERR 4 CYCLES ¢NXFy AFY; AFZ4AFP 4NBF 0000061 40
& sRyGVIGWLGPHE(3)4PER 000001 50
COMMON COEFFICIENT MATRICES 000001 60
CDMMUN/CUEF/COI(lltll,1DCOI(11111’!COD(119ll)’DCGD(ll!ll)’ 00000170
1 CO0{11,+11),DCO411,11)+F¢(113,DF(11),FNLLLY},COIR(1L,12), 000001 80
2 CODR(11+11),CCR(11,11}),FR(11),RIOCI11,12)},BF(11) 00000190

3 4BIN(3,11).BDAM(2,11),85PR(3y113,COTH{11y3),CODH(11,3),BIRT{3,11)000002C0
44BIRID(3,11) +BIRIO(3,11),BIRIDH{3,3 )y HF(3)y TM(3,3},BIRIIH{3,3 } . 00000210

5 JHC (3 +3) +HK(3,3) Q0000220
COMMON FCR HEADING, CCANTROL CATA 00000230
CUMMUN/HED/ICI:ICZ1IC371C4'HEAD(19)1IPAGE,IVPUT(ZO) IEND,LINE,LICS 00000240
) ) CCOMMON DIMEANSION CATA 00000250
COMMON/DIM/NINPUT NSTAZNYMODE,NZMODE ,NPMODE, NMODE, NM1,NDIM,NBLADE 00000260
CCMMON BASIC CERIVED DATA 00000270
COMMON/DER/THI{20) »EV{20),EW(20),EP120),Y¥(20,3),2(20,5),P (209 3) 00000280
COMMON. VARTI ABLES AND SOLUTION.. CONTROLS 000002350
COMMON/VAR/YVAR(98) yDERY{9B)} 4 PRMT(6),1LY( 98} 00000300
REAL DuM(8), DUMPP(ZO)1EUMP(20)pWDRK(IlalZ)vDUMPPP(20) 20000310
REAL DELE{20),EDNE{20) 2CELK(20),KM{20) 000003290
REAL MI{204510) +MII(20,9),YI(20 73)IO)VYII(2013'9”11(2015'9" 00000330
1 ZIT€20:598)4P112043,8),P11(20,3,T7)951{20,5,5) 00000340 -
REAL DYYI(343,10)DYYI1{3+3,9)+DYZII{3+5+8),0YPII(3:347), 00000350
1 DYSI(335+4) sDYMI(3,10)DYMII(3,9),DZY {532 10)+sDIYIT(5+4359) 00000260
2 D2ZI11(545 ¢8)+DZPI(543,8)4,0ZPTI{5,3,7),DIMIL5,10),DZIMI1(5,9), 00000372
3 DPYI U3 434207 +DPYII(34399)sDPZI{3¢5¢9)+DPLII{(345,8),DPPI{3,3,8), 00000380
4DPPII (393,473 50PS11343, 1)rDPMI(3710)0DPMII(399)vDYF(3|596)| 00000350
5 DZF (54596} sDPF{3+5,3) 000004 G0
6  JALEI(20) +BYALIT(3) ,DZALIT(5} OPAL 1I{13) 00000410
REAL YZPI(201},DYD(3,3),DZD(5,5),DPC{ 3, 3} 00000420
REAL D{2243) ) 00000439
EQUI VALENCE (D{1),DYYI (1)) AD(O1}, CYYII( 1)}, {D(1T72),DYZII{1)}]), 00000440
1 (D(292 ) +DYFLI{L}){C(355 )HCYSI (1)},{D{415 },DY¥YMI(1)), 00000450
2 (D(445 ) JOYMITUL1))(D{aT2 J+DZYI (13),{D(622 )DZYII{1})s 00000460
3 (DU757 ) +DZZITU111+(D(95T ) 4DZPI {11)(DI1077)4DZPTIIC(1)),y 00000470
4 (D{1182) +DZMI (13} ,(D(1232),DZMIT(L))»(D(1277},0PYT (1)) 00000480
5 (D{1367)+DPYII(1))+(C1{1448),0P21 (13),(D(1583),0PZT11{1)), 00000450
6 (D(1T03),0PFPI (1)), (D{(1775),CPPTII(1)),(D{1838},0PSI {1)), Q0000500
T (D(184T7),0PML (11),(D(1877),0PMII(1}),{DU01904),DYF (1)}, 000005190
8

(D(1994) »,DZF (13)+8D(2144),0PF {1)),{D{2189),0YALTE(1}), 00000520

92



o R &)

OO0

c

50
9000
52

9 (D{(2192),DZALTIT (1)) 4(C(2197),DPALLTI(1 )]}

EQUIVALENCE (0(2201)'DYD(I)),(D(2210).DZD(1)).(0(2235)90PD(1)!

INITIALIZATICN
HE ADING

IF(IEND.EQ.2) GO TQ 52

READ 9000.1C1o1C2:IC31!C4'[C5,HEAD

FORMAT (51121844 ,4A3)

IF(ICl. NE.Q) CALL EXIT

ICASE = ICASE+1

IPAGE = O .

INPUT(I) = 0, NEVER USED = 1y USED =2+ MODIFIED OR NEW
DO 100 I=1.NINPUT '

iF (INPUT(I) EC.O) Ga TC 100

INPUT(IY}

100 CONTINUE

_ CLEAR TC CLEAN UP OUTPUT OF INTEGRALS
DO 90 I= 1.2243 : !

S0 D{f)=0,.

IF (INPUT(6) EQ.0) OLDC
IF(INPUT(6).NE.O) OLDCM
OLDOMS = CLDCM*0LDOM
IF(IC5.EQ.0) GO TO 201 -
I=7

WRITE (9) I

GO TO 201

l.
OMEG

Hou

GENERAL INPUT

200 IF (IEND.NE-O) GC TO 500

201

READ 9010.,10,0UMIEND

G010 FORMAT (12 4F8.0¢6F1040,F9.0,11)

9011

9012

{F{IG.NEs21} GU T0202

CALL HEADIN

PRINT 9011

FORMAT(//20X +28HFOLLOWING I0'S ARE CANCELLED /)
DO 203 J=1,8

1 =DUM{J} - :

IF{I.EQ.0) GC TO 203 '
PRINT 901241 '

FORMAT{30X,110)

IF{letTe0.0RILGTLNINPUT) CALL ERR (203,0)
INPUT(1)=0

203 CONTINUE

NOTE INPUT (1) SET TO 2 TO INSURE THAT ALL COEFS ARE RE CALCULATE)
INPUT(L =2
1C2=1
GO 10 200
202 IF(10.GT. NINPUT.CR.TIO.LT,. 1) CALL ERR(ZO0,0i

IFL{INPUT(10).EC.2) CALL ERR (202, 10)
INPUT (10} = 2
GO TO (2104220+2305230+230+9270+32093309340,10s11412s

93

00000530
00000540
00000550
00000560
00000570
00230583
00000550
000006 C0
00000610
00000620
00000630
00000640
00000650
00000660
00000670
000005680
00000650
00000760
00000710
00000720
00000730
00003740
00000750
00000760
00000770
00000780

00600750
0300080
9000810
00030329
00000830
00000840
00000850
00000860
00000870
00000880
00000890
00000900
00000910
00000920
00000930
000060940
00000950
00000960
00000970
00000980
00000990
00001000
00001010
00001 020
00001030
00001040
00001050
00001060
00001070



<y

220

230
235

240

9C20

250

1 350+14515,16:280,300,19,201),10
CALL ERR{(10,0) '
CALL ERR{11,0)

CALL ERR {12,0)
CALL ERR{14.0}
CALL ERRI(15,0)
CALL ERR{16,0)
CALL ERR{19.:0)
CALL ERR{204+0)
10=1 BLADE PROPERTIES
I =1 :

X{I})
M(1)

E(I) = DUM(3)
SEA(I) = DUMI4)

R
i~
c
=
Ix
L 4

KML{TI} = DUM(5)
KM2(1) = DUM{(6)
KALI) = DUMLT)
THPLI) = DUM{8)
READ 9010,10,DUM
EQPII) = DUM1)
EIP(I) & DUM{(2)
GJL{I) DUM(3)
EA(L} DUM{4)
EBL{(I) = DUM{5) .
EB2{1) = DUM(6}

ECAI) = DUML(T)

ECS(I) = DUM(8}

R=X{(1}

IF{IEND.NE.D) GO TO 530

READ 9010,I0,DUM,IEND
IF(IG.NEsO} GQ TC 202
IFDUMILILTAX({I)) CALL ERR{215,0)
I = 1I+1 i
NX = 1

IF(NX.GT.NSTA) CALL ERR {(216,0)
60 1O 215

I10=2 ' BLADE CATA -

NB =DUM(1)
THO=DUM(2Z )
BPC=DUMI3)
GY =DUM{4)
G W =DUM(5)
GP =DUM(6)
G0 TO 200
I0 = 3,445 MCDES .
TFUINPUTIL).EQ.0) CALL ERR {230,0)
Jd =0
J = Jel .
DO 240 I=1,8
DUMPP (I} = DUM{I)
IF (NX.LE.8) GC TO 250
READ 90204+ {CUMPPLI) I=94NX)
FORMAT {7TF10.0,F9.0) '
READ 9020, SC

94

00001080
00001 090
000011 00
00001110
00001120
00001130
000011 40
00001150
00001160
00001170
000011 80
00001150
00001200
00001210
00001220
©0001230
00001240
00001250
60001260
00001270
000012 80
00001290
000013 C0
00001310
00001320
00001330
00001340
00001350
00001360
00001370
000013 80
000013 90
00001400
00001419
00001 420

. 00001430

00001440
00001450
00001460
00001470
00001480
60001450
G0C0L500
00001510
00001520 °
00001530
00001540
00001550
00001560
00001570
00001580
00001550
00001 6C0 -
00001610
00001620



€

252

254

256

260

261

262

264

266

267

270

280

300

“IYIC

320

INTEGRATE AND NORNMALIZE MODES
CALL INT (DUMP,DUMPP,SC,XsNXy1)
CALL INT(DUMPPP,CUMP,0,XsNXy1}
CONST=DUMPPP {NX)

IF(CONSToECo 0) CCNST=1,0

DO 260 I=1,NX

IF (10~4) 252,254,256

YPP(I+d) = DUMPP(1)/CONST

YP(I ,J) = DUMP{I}/CONST

YA +J) =DUMPPP (1) /CONST

GO TO 260 ,

IPP(I,J) = DUMPP([)/CONST

ZP(1,J) = DUMP{I)/CONST
Z(I,J)=DUMPPF(I) /CONST

GO TO 260

PPP{I,J) = DUMPP(I}/CONST

PP{I,J) = DUNMPII)}/CONST
P(I,JI=DUMPPPII) /CONST

CONTINUE '

IF (IEND.NE.O) GC TQ 261

READ 9010,I1,DUM,IENDT -

IF (11.EQ.0) GC TO 235

IF (I10~4) 262,264,266

NY = J

IF (NY.GT.NYMODE) CALL ERR {262,0)
GO 10 267

NZ=Jd -

IF (NZ.GT.NZNMODE) CALL ERR (264,0)
G0 T0 267

NP = J

IF (NP.GTo NPNCDE) CALL ERR (266,0)
IF (IEND.NE.0) GO TO 500

IEND= TENDT
10 = II
60 TO 202

OMEG = DUMI{L)
OMF = DUM(2)
GO T0 200 .

10 = 17 NCN LINEAR CCNTROLS
NLIN = DUMI(1)
NFLOQ=DUM(2)
GO TO 200

10 =18 SOLUT ION CCNTRCLS

puM{n)
ouM2)
DUM(3)
DuUMi4)
DuM{5)
DUM{6)
DUMAT}

CYCLES
HINLT
ERROR
1YE
cic

nowouonouN

60 10 200
) Ic =7 HUBX
HMX = DUM{1)
= DuUML2)

95

IC =6 FREQUENCIES

00001630
00001640
00001 6590
00001660
00001670
00001 680
00001690
000017C0
00001710

00001720

00001730
00001740
00001750
00001 760
00001770
00001780
00001750
000018C0
00001810
00001820
00001830
0001840
00001850
00001 860
00001870
00001880
00001 890
00001 900
00001910
0000 920
00001930
00001 940

00001950

00001960
00001970
00001980
00001990
006002000
00002010
00002020
00002030
00002040
00002050
00002069
00002070
00002080
00002090
000021 ¢0
00002110
000602120
00002130
00002140
00002150
00002160
00002170



<

ACOOOOO

330

340

350

500

501

1

1

HKX = DUM{3)
HE(1)=DUM{4)
60 T0 200
10 =38 HUB Y

DuUMI{l)
HCY DUM{2}
HKY = DUM{3)
HE{2) =DuM(4)
60 10 200

HMY

Wouou

10 = 9 HUB Z

HMZ = DUM{1)
HCZ = DUM(2)’
HKZ = DUM(3)
HE{3)=0uM(4)
GO T4 200

NXF
AFY

DUML1)
DuUM{2)
AFZ DUM(3)
AFP DUM{4)
NBF=DUMI5)
PER=DUM{6}
GO0 10 200

oty

10 = 13

PROCESS INPUT CATA

CHECKS+ DEFAULTS

IFUNPUT(2) . NELD) GO TC 501

NB=1
THO=0
BPC=0
G V=0
Gu=0
GP=0

IF{INPUT(3). EQ.O0} NY=D
IFLINPUT{4) . EQa0) NZ=0
IF(INPUT(5).EQsC} NP=0

NM=NY+NZ+ NP

[FINMEGa O) CALL ERR(501,0)

NMAX = NZ
IF{NP.GTs NMAX) NVMAX
IF{NY.GTa NMAXE NNMAX

W

NP
Ny

BLADE FORCE

SEE ALSC 1100~-1200

IF({INPUT(1),EQ.0) CALL ERR{500,0)

IFLINPUT{6).EQ.0) CALL ERR{502,0}

IF{NBeEQe 1o ANDe { INPUT (7)o NEc O DR, INPUT{8) e NEoD DR . INPUTI S} .NELO))

NB=2

IF{NB.GT.NBLADE) CALL ERR(506,N8B)
IF(NB.GT- NELACE} NB=NBLADE

IF{NB.LT. 1) CALL ERR

IF(NBaLTsal) NB = 1

IF{NBsEQel e AND{ INPUT(T7 } o NE2 O« ORINPUT(8)eNELO-ORe INPUTI{9) NELO}) |

NB=2

{50741}

96

00002180
00002190
00002200
00002210
50002220
000V2230
00002240
00002250
00002260
00002270
000022 80

© 00002250

00002300
00002310
00302320
00002330
00002340
00002350
00002360
00002370
000023 80
00002350
00002409
06002410
00002429
00002430
00002440
02002450
00002460
000024170
00002480
00002490
00002500
00002510
00002520
00002530
00002540
00002550
00002564
00002570
00002580
00002590
00002600
00002610
00002620
00002630
00002640
000026580
00002660
00002670
00002680
00002690
00002700
00002710
00002720



OO0

AFLINPUT(T). NELO) GO TC 502

HMX=0
HC X=0
HKX=0

“HEAL)=0

502

503

504

1

IF(INPUT(8).NELO) GO TC 503

HMY = 0 :

HCY = 0

HKY = 0

HEL2) =0

IF{INPUT(9).NE.0) GO TC 504

HMZ=0 - .

HCZ=0 ‘ I

HKZ=0

HEL3) =0,

OMRAT = OMEG/CLDCM

OMRATS=OMRAT #0MR AT

[F (INPUT(13) «NEeOoANDe (NXFoGT oNX-OR.NX FoLEoO}) CALL ERR{510,0)

IF(INPUT(13) «NE.OuAND o {AFY e EQe0 s ANDWAFZ EQ 40 +ANDA FP uEQ 20} )
CALL ERR (511,0)

IF(INPUT{13) .NE.O. AND.NBF.GT .NE) CALL ERR{512,NBF)

TFUINPUT(13) o NE. 0o ANDo ABF.GT .NB) NBF = 0

IFCINPUT(13) o NEs 0. ANDoNEFoLT 40 ) CALL ERR{512,NBF)

IF (INPUT(13) ,NEo 0o ANDsNBF4LT 40 )} NBF = 0

IF(INPUT(1T7) <EQ.0) NLIN=O

- IFLINPUT(IT) «ECe Q) NFLCG=O

508

506

509

510

If (INPUT(18}1.EQe0) CALL ERR{509,0)
ADD BLACE LUADS TO HUB

DO 508 1=1,3-

HFAI ¥=HE(])

IF{INPUT(13) ,EQ.0) GO, .TC 509

IF(AFZ.EQ.0) GC TO 506

IFLINPUT{9).EQ.0) GO TC 506

CONST=AFZ )

IF{NBF.EQ.0} CCNST=NB*CONST

HF A3 ) =HF (3)+ CONST

IF{AFY.EQa0}1GO TC 509

IF{UINPUT(T) LEQ. 00 AND. INPUT(8)» EQ.O)-OR.NBF.EQ 0} GO TO 509

CALL ERR(510,NBF}

NBF =0

COMPUTE COEFFICIENTS, ETC.

CALL INT(TH,THPTHO +X s NX 41}
DO 510 I=1,NX -. '
DUMMY1 = SEA(I)*#2*EA(T1}
DUMMY2 = E1PUI)—EOP(I) .
EV(I) = EIP{I)-DUMMY2*TH(I}*%2~-CUMMY L
DELE(I) = DUMMY2-DUMMY1 .
EONE(1) = SEA(I)REA(II*KA(I)*%2-EB2( 1)
EWLI) = EQP(I)+DUMMY2*TH{I)%*2—DUMMY 1*TH{ I}
EPLI) = GJI{L)—(KALL)*%4%EA(]I )~ EBI(I))*THP(I’**Z
DELKA(I) = KM2(1) #%2~-KML{I)*x%2
KMII) = KM2LI)#¥2+KML(T)%%2

FORM MASS INTEGRALS

97

00002730
00002740
00002750
00002760
00002770
00002780
00002750
00002800
00002810
00002820
00002830
00002840
00002850 -
00002860
00002870
00002880
00002890
00602900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002980
00002990
00003000
00003010
00003020
06003030
00003040
06003050
00003060
000030790
00003080
06003050
000603160
00003110
00003120
00003130
00003140
000031 50
000031 60
00003170
00003180
00003190
00003200
00003210
00003220
000603230
00003240
00003250
000032 60
00003270



C RECOMPUTE ALL COEFS UNLESS CNLY IC =

LCALC=, TRUE.

600 DO 601 I=1,16
IF{i.EQ.6) GC TO 601
IF(INPUT(I) o EQe2) GO TC 602

601 CONTINUE
LCALC=.FALSE.
IFLINPUT(6}.EQ.2) GO TC 1075

- 60 70 1100
€ ’ FORM INTEGRANDS

602 DO 610 I = 1,NX
MI(I 1) = M(I)
MI(I,2) = M{I)*X{I)
MI{I 33 = MUI)=*E(])
ML 9%} = MIAT 335X (1}
MI {1453 = MI(I,3)%THAI)
MIAI +6) = MI(I.S)%X(D)
MILI»7) = M(L)*KNM2(I)*%2
MI(I,8) = MI{I,7)%THLI)

610 MI(I,9) = M{I)*DELK(I}=%TH(I)
D0 630 Jd = 1,49
DO 620 I = 1 4NX

520 DUMPP{I) = MI(I,J}

CALL INT {(DUMP DUMPP 0 sXaNXy 2)
CALL INTY (DUMPP,CUMP 0 yXoNXs 2}
DO 630 I = 1 4NX

MI(I,J43 = DUNMPLI)
630 MILiI,J} = DUMPPII)
c MITI510)
DO 635 1 1 4NX

L]

635 DUMPPLIL)
CALL INT(OUMP,DUNPP 0 ¢XyNXs 2}
DO 640 I=1,4NX

640 MI(1,10) = DUMPLI)

6 OR oGE,

MECE22) #KAL 1) %% 24THP( T)

c . FORM Y INT EGRALS

650 IFLINPUT{3).EQ.Q) GO TC 700

o FORM INT EGRANDS

DO 660 I = 1 4NX
DO 660 IM = 14NY
YI{I oIMe1) V(I)*Y(Ivlﬁ)
YIAL oI M2} YICToIMy LY %ECT)
YILI +IM43) YICL,IM, 2 )%TH(T)
YIAL oI My4) MAT I %XLL) *YPLTL, IM)
YI(I +IM,5) M{I)®E(I)*YP{I, 1M}
YI(I yIMe6)
YICIsIM,T)
YI{L,1M,8)
YI{I +IM,9)
660 YI{I,IM10) = YPPUIIMI%SEA(I)
DO 670 J = 1,9
DO 670 IM = 1,4NY
DO 665 1 1 oNX
665 DUMPPLL) YI{IsIM:d) )
CALL -INT (DUMP ,DUMPP 40 ¢X4NX, 2}
CALL INT (DUPPPOUMP 0 ¢XsNXy 2)

MICTI 223 %YPF{L, IM)

(U A N { (Y

YI(T2IM, 52X LT *THIT)

YICI,IMyTIXSEALTITHLT)
YPP LI IM)*EQONELT)#THPLT)

98

17 ARE CHANGED

000032 80
00003250
00003300
00003310
006003320
00003330
00003340
00003350
000033 60
000033 70
000033 80
00003390
00003400
00003410
00003420
00003430
00003440
00003450
00003460
090003470
000034 80
00003490
000035 00
00003510
00003520
00003530
00003540
00003550
00003560
00003570
000035 80
00003550
00003 6C0
00003610
00003620
00003630
00003640
00003650

" 00003660

00003670
00003680
000035650
00C0e3 700
00003710
00003720
00003730
00003740
00003750
00003760
00003770
00003780
60003750
00003800
04003810
00003820



DA 670 I = 1 ,NX

CYICI4IMyJ) = DUMF(IL)

670
675

680

682
683

684

. 685

686

690
692

€95

700

710

715

YII{I s1M,3) = DUpMPPIT)

DO 680 IM = 1,NY

DD 675 1 = 1 ,NX

DUMPPILI) = YI{I,1M,10)

CALL INT ‘DUNPQDUMPP'O'X’NX'I)
D0 680 I = 1 4NX :
YI(I,IM510) = DUMPLL)

DO 682 1 = 14NX

DO 682 IM = 1,NY

IF(EALI) .EC.O) S[(IyIM 1) Q
IFIEALI)e NEoO) STl 1M1} YI‘I,IM:l)/EA(I)
SI{I¢IMs2) = MLID2YI(I,IM,10)
ST{I sIMs5) = KA(L)%#22THPLIIAY I( 1, IMy 1)
DG 685 IM = 1,NY

DO 683 1 = 1.NX

DUMPPLI) = ST(1,1IM,1) -

CALL INTI{DUMP,DUMPP 09X sNXs1}.
DO 684 1 = 1 ,NX

DUMP{I} = DUNP(L}*M(I)

CALL INT(DUMPFP,DUMP 0 ,XsNXs2)
CALL INY {DUNMP,DUMPP 0 sXsNXy2)
DO 685 I = 1 ,NX

SI(I,IMy1) = DUMPLI)

DO 690 [M = 1KY

DO 686 I = 1,NX

DUMPP{I) = SI(I,1IM,;2)

CALL INT {DUMP,DUMPP 04X NXy2])
CALL INT (DUMPP,CUMP 30 ¢XyNX, 2}
00 690 I = 1 4NX

"SI 3IMs2) = DUMPP{I)

DO 695 IM = 1,NY

DO 692 I = 1NX

DUMPPILI) = SI(IyIMy5)

CALL INT (DUMPDUMPP ;04X ¢NXy2)

DO 695 1 = 1,NX

SI{I,IMs5) = DUMPLI)
FORM Z INTEGRALS
IFCUINPUT(4).EQ.0) GO TCT750
DO 710 I = 14NX
00 710 JM = 1,NZ
ZI{I ydM4l) ML }*Z L1, 3M)
LI L1 4dM42) ZI1{I,JM,1}%EC(])
Z1 (14 dMe3) ML) RX(T)22ZP L1y JM)
LIl s M%) ZI¢19JM,3)2ELT)
ZI LI »JM,5). MALP¥ZPLT IMIELT)ATHLTL)
LI (1 s JMs6) MI{I+2)%ZPPLL,JV)
ZI1 + M7} ZI(T»JMe6 ) %S EAL])
ZI(14dM48) ZPP LI o UMY *ECNEA TIATHL L) %T HPL( 1)
ZI(1 +3M,9) ZPP(IoJM)*SEA(I)*TH(I)
DO 720 4 = 1,8
DGO 720 JM = 1,NZ
DO 715 [ = 1,4NX .
DUMPP (L) = ZI(1,4JM4J)

(T O T I O L

- 99

00003830

00003840
00003850
00003 860
00003870
60003880
00003850
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003980
00003950
00004000
00004010 .
00004020
00004030 .
00004040
00004050
00004 060
00004070"
00004080
00004050
000041 CO
00004110
00004120
30004130
00004140
000041 50
000041 €0
000041 70
000041 80
000041 S0~
000042 CO
00004210
00004220
00004230
00004240
00004250
00004260
000042 70
000042 €0
00004290
00004300
00004310
00004320
00004330
00004340
00004350
000043 60
000043 70



<Y

720

125

730

735

740

750

760

T65

166

770

115

780

785

790

CALL INT {(DUMP,DUMPP,0,XyNX,2)
CALL INT (DUNPF,DUMP40,X5RXs2)
D0 720 I = 1 ,NX

ZI41,4MeJ) = DUMPLI)

ZIT{I yJMeJ) = DUNPP(I}

DO 730 JM = 14NZ

DO 725 1 = 1 4NX .
DUMPPITI) = ZI{14JM9) -
CALL INT (DUNPDUMPP 30 +X9NXy2)
DC 730 1 = 1 4NX '

Z14I 9 3M99) = DUMP(I)

DO 740 JM = 1,NZ

D8 735 1 1 4NX

puMpPePL(I) M{1)*ZI(14JV29)
CALL INT (DUNMPDUMPP,0 +XpNX,2)
CALL INT (DUMPPDUMP 20X NXs2}
DO 740 1 = 1 ,NX

SI{l s dMs3) = DUMPP{L) |

: FORM P INTEGRALS
IF{INPUT(5). EQ.0) GO TC 800

DO 760 I=1,NX . '

DQ 760 IM = 1,NP

PI(I,IMy1} MALYRECT) *F( [, IM)

PILI sIM,2) PI(TIIM,1 )% (1)
PI{I,IM,3) PI{I,IM,1)2TH(I)

PICI »IM,4) NI JEKMOT D 2P{ T, IM)

PICI sIM,5) MUTYHDELK{I) %P {1, IM)
PI(IIMs6) EP{I)*PP(I,IM)

PI(L +IM,72 KALT) %422 MI( 142)4PP{ 1, IM)
PI(I,1M,8) KACT) #%2%THP (1) 2PP{ I, IM)
DO 770 4 = 1,7 .

DO 770 IM = 1,NP

DO 765 I = 1,4NX

DUMPPLI) = PI(I»IMyJ) '

CALL INT (DUMPsDUMPP 404Xy NXs2)

IF( JoGT.5 ) GC TO 766 .
CALL INT ( DUMPP ¢DUMP 40X sNX92)

DO 770 I = 1 ¢NX

PI(1+IMsd) = DUMP(I)

IF( J.GT.5 ) GO TO 770

PII(IsIMsJ) = DUNPPII)

N RN I I I T O 1)

CONTINUE .

DO 780 IM = 1,NP

DO 775 I = 1 4NX
DUMPP(I) = PI{1,1IM,8)

CALL INT (DUMP,DUMPP 40 +XsNXq 1)
DO 780 I = L NX

PI(IsIM,8) = DUMP(I)

DG 790 IM = 1,NP

DO 785 I = 1 ,4NX

DUMPPII) = MII)*FI(I,IM,8)
EALL INT (DUMP,DUMPP 0 ,XsNXy2)
CALL INT (DUMPP,CUMP ,0,X4NXy2)
DO 790 I = 1 ,NX .
SI{I2IM,4) = DUMPP(I)

100

000043 80
00004390
000044 Q0
00004410
00004420
00004430
00004440
00004450
00004460
00004470
00004480
00004490
00004560
00004510
00004520
00004530
03004540
00004550
00004560
00004570
600045¢€0
00004590
00004600
00004610
00004620
00004630
00004640
00004650
00004660
00004670
000045680
00004650
000047C0
00004710
00004720
00004739
00004740
00004750
00004760
080047170
00004780
00004790
00004800
00004810
00004820
00004830
00004 840

00004850

00004860
00004870
00004880
00004850
00004500
00004910
00004920



(e R £

800

802
810

815

824

825

830
832

835
836
845

850
851

852

854

855
856

860

865
866

870
880
881

DEFINITE INTEGRALS
BLADE FORCE INTEGRALS
IF(INPUT(13) .EQ. Q) GO TC 810
DO 802 I=1,NXx
ALII(II“AMAXI(0.0.X(NXF)-X(I))
IFINY.EQ.0) GO TC 851
DO 850 I = 1,NY
IF (INPUT(13) .ECe 0. OR.AFY.EQ.0) GO TO 824
DO 815 K=1,NX
DUMPP (K} =AFY#Y (K1) #ALIT(K)
DYALII{I)=DIAT{DUMP,DUFPP,X,AX)
DO 825 J = 1,NY
DYSI{Isdsl) = DINTZ{Y+SIsTedsle5sXsNSTAsNXsDUMP 4 DUMPP)
DYSI(IyJs2) = DINT2{Y,SEs15J92555X;NST Ay NXoDUMP, DUMPP )
DO 825 K = 1,9
DYYI(1,3,K) = DINT2EY,Y1,1,d,KsNYMODE, Xy NSTA,NX s DUMP . DUMPP )
DYYII(I 5JsK) = DINT2(Y,YII,I,J,K,NYMODE,XsNSTA,NX, DUMP , DUMPP )
IF (N.EQ.0) GC TO 832
DO 830 J = 1,NZ, , _
DYSI(I4Js3) = DINT2(Y,STyTsd9345,XsNSTANXsDUMP ¢ DUMPP )
DO 830 K = 1,8
DYZIT(I,dyK) = DINT2(Y,ZIT,1,3sKsNZMODEsXNSTAsNX, DUMP 3 DUMPP )
IF (NP.EQ.0) GC TO 836
DO 835 J = 1,NP
BYSI(IsJds4) = DINTZUY,STelsds4s59XsNSTAyNXyDUMP,DUMPP )
DYPIT(L yds3) = DINT2(Y,PIT 14393, NPMCDEsX s NSTAsNXs DUMP 4 DUMPP )
DO 845 K = 1,49 ‘
DYMI{I,K) = DINTL(Y4MI;1sKeXsNSTA,NXyDUMP,DUMPP)
DYMII(I 9K) = DINTLUY,MII»EeKsXyNST Ay NXyDUMP, DUMPP )
DYMIAI,10) = DINTL(Y,MIo1410,XyNSTA, NX, DUMP, DUMPP )
IF (NZ.EQ.Q} GC 1O 881
DO 880 I = 1,NZ
IF(INPUT(13) +EC. Oe ORs AFZ. EQ.0) GO TO 854
DO 852 K=1,NX
DUMPP{K) SAFZ*Z{K,I1)*ALIT(K)
DZALIT(LI1=DIAT(DUMP DUNMPP 43Xy NX)
IF(NY.EQ.0) GO TC 856
DO 855 J = 1sNY
DO 855 K = 1,9 _ : .
DZYIAI+daK) = DINT2(Z3YIs19dyKyNYMODE, Xy NSTA,NXyDUMP , DUMPP )
DZYIT(I3dsK) = DINT2(Z 4YIT ol sdyKeNYMODE,X sNSTA,NX, DUMP, DUMPP )
DO 860 J = 14N2Z
DO 860 K = 1.8
DZZII(I¢JsK) = DINT20Z 21141 4dsKyNZMCDEsX ¢ NSTA,NXy DUMP 5 DUMPP )
IF {NP.EQ.O0) GG TO 866
DO 865 J = 1,NP
DZPI(I,J92 )= DINT2(ZPI,1,J92sNPMODE, X9 NSTA,NXsDUMP, DUMPP )
DZPII{I ¢Js1)= DINT2(ZyPIIy14Js1y NPMODEsX,NSTAyNX,DUMP ,DUMPP )
DG 873 K = 149
DZMI{I,K) = DEINTL(Z,MI +1,KsXoNSTA, NX,DUMP, DUMPP )
DZMIL(I 4K} = DINTLUZ MIT41¢KeXyNST AyNX ¢ DUMP, DUMPP )
DZMI{I410) = DINTL{ZsMI,I,10,X, nsrn.nx,oump,oumppz
IF (NP.EQ.Q} GC TO 901
DO 900 1 = 1,NP
IF(INPUT(13) <EC. 0. OR.AFP,EQ.0) GO TO 884

L}

101

00004930
00004940
00004950
00034960
00004970

| .00004980

00004990
00005000
00005010
00005020
00005030
00005040
00005050
00005060
00005070
00005080
00005090
004065100

00005110

00005120
00005130
00005140
00005150
00005160
00005170
000051 80
000051 S0
04005240
000235210
00005220
00005230
00005240
00005250
00005260
00005270
00005280
00005250
00005300
000053190
000053290
00005330
00005340
00005350
00005360
00005370
00005380
00005350
00005400
00005410
00005420
040054130
00005440
00005450
00005460
00005470



882

884

885
886

890
892
851

895
886

897
900
501

902
904

906
910

912
915
Sib6

917
920
925
927

931

DO 882 K=1NX
DUMPPIK)=AFPHP{K oI} RALTIT(K)
DPALITAI}=DINT{DUMPDUMPP Xy NX)
IF{NY«EQe0) GO TC 886

DG 885 J = 1 ,NY ’

DPSI{IyJsl) = DINT2{P,SIs¥9Js5959XsNST Ay NXyDUMP, DUMPP )

DO 885 K = 1,9

DPYI'{L 9odsK) = DINTZ2(PsYI+14dsKs NYMCDEy Xy NSTAsNX» DUMP, DUMPP }
DPYII Al +JoK) = DINT2(P,YIT1I9JsKyNYMODE)XyNSTAsNXy DUMP , DUMPP }

IF (NZ.EQ.O0) GO T0O 891
DO 892 J = 1l,NZ
D0 890 K '= 1,8 :

DPZI(13J,K) =, DINT2{P,ZI »1yJ9KyNZMODE Xy NSTA, NXsDUMP ,DUMPP)

DPZIT{ledsK) = DINT2UIPZI1,1+JoKyNZMODEs X4 NSTA,NX, DUMP, DUMPP )
DPZI(EsJ99) = DINTZ Py 2T yL1ydy9 9 NZMODE+X 9 NSTAs NXs DUMP 5 DUMPP )
DO 895 J = 14NP

DO 895 K = 1,7

DPPI{I+dsK) = DINTZ(ﬁvPIoIoJ,KoNPMODEvaNSTA,NX,DUMP.DUMPP)

IF ( KeGT.5 ) GO TQO 895

OPPII(T 9JeK) = DINT2(P,PITo1,5.J,KoNPMODE,)XsNSTA,NXy DUMP 4DUMPP )

CONTINUE
DO 897 K = 1,9
DPMI (12K} = DINTL(PsMI o1 »KoX o NSTAyNX, DUMP, DUMPP} -

DPMIIII oK) = DINTL(PyMIIyI4KeXyNST Ay NX,DUMP, DUMPP)

DPMI{1,10) = DINTL(PsMIsT19109XsNST Ay NX,DUMP, DUMPP)
IF (NY.EQ.0) GO TO 931

D0 930 J = 1 4NY

DO 910 K = 1,4NY

DO 902 1 = 1,NX : .
DUMPPII) = YU(IJ)*(R =X LI} PEMUNXDIFEANX )RV (NX9K)
DYF{JeKsl) = DINT(DUMP.BUMPP 4 X5 NX) )
DO 904 I = 1 .NX

DUMPPIL) = Y(I9JIESEA(T)¥YILI4Ky1)

DYF{J4sKe2) = DINT (DUMP,OUMPP,X,NX)}
DO 906 I = 1 ,NX :
DUMPPILI) = Y{I2JIXEV(II*YPP(I,K])}
DYFLJsKe3) = DINT (DUMP,DUMPP,XsNX}
IF (NZ.EQ.0) GC TO S16

DO 915 K = 1,NZ

DO 912 I = 1;NX
DUMPP (L) = YL 4 JI*DELE(TI*THATI*ZPP{ 12K}
DYF{JsKea) = DINT (DUMP,DUMPPsX+NX}

IF (NP.EQ.G) GO TO 925

DO 920 K 1.NP

DO 917 I 1,NX ’
DUMPP (1)
DYF(JoK35) = DINT (DUMP,DUMPPsX s NX)
DO 927 I=14+Nx '

DUMPPIII=YAI s J)F(SEALT IXMTI(L 42D +R*={R-X{ T} )MINXIRE(NX))

DYF(Jsl 26) = DINT (DUMP,BUMPPsX4NX)
1f (NZ.EQ.0) GC TO 961 ’

00 960 4 = 1 4NZ -

IF (NY.EQ.0) GC TG 936

DO 935 K = 14NY

DO 932 1 = 1,NX

102

YT 3 d)*R{~ECSUIIHTH{ T} *PPP( I K} +EONEC 1)%THP L I 1*PP (14K ))

00005480

0000540
000055¢0
00005510
00005520
00005530
00005540
00005550
00005560
00005570
00005580 .
00005550
00005600
000055610
000056240
00005630
00005640
00005650
00005660
00005670
000056 80
00005650
00005700
00005710
Q0005720

00005730 .

00005740
00005750
00005760
00005770
00005780
00005750
030058¢CH
009005810
00005820
00005830
040005840
00005850
00005860
00005870
00005880
00005850
00005940
00005910
00005920
00005930
30005940
00005550
00005960
00005970
00005980
00005950
00006000
00006010
00006020



(9]

.

932 DUMPP(I}=ZII » ) ¥ {L{R~X{T)IFMINXIHEINX JETHENX ) %Y {NX9 K} 00006030

1 #SEACIIATH(I)*YI (I14Ke1)) ~ 00006040
DZF{J,Kyl} = DINT (DUMP¢DUMPP 4X 4 NX 00006050

DO 934 I = 1 ,NX : 00006060

934 DUMPP(I) = Z{14J)*DELE(I}*TH(I)#YPPL I,K) : 00006070
935 DIF{JsKe2) = DINT {DUMP,DUMPP,XyNX} 00006080
936 DO 938 K=14NZ 00006050
DO 937 I = 1 4NX ' - 000061 00

937 DUMPP(I) = Z{I,J)*EW(T1)2ZPP(I,K) : 00006110
938 DZF(J4Ks3)=DINT(DUMP,DUMPP,X,NX) 00006120
IF (NP.EQ.O) GO TO 946 . _ © 00006130

DO 945 K = 1 ,NP , 00096140

DO 940 I = 1 ,NX ' : 000061 50

S40 DUMPP(I) = ZI{I,J)*{ECS(I)#PPP( 1K) +EONE( [}¥TH( [1%THP{ I)*PP([,K}) 00006160
DZF{JsKe4) = DINT (DUMP,DUMPPsXsNX) 000061 70

DO 942 I=1,NX . 00006180

942 DUMPP(I) =—Z11,J1% ’ 60006190
1 (SEACIIAMI(T142)#P {1 K)+X (NXIS(XINXI—X { 1) )5M{NX JRE (NX 5P (NX,K}) 00006200
945 DZF{JsKe6) = DINT (DUMP,DUMPP4X4NX ) : 00006210
S46 DO 950 I = 1 4NX : 00006220
950 DUMPPUI) = Z{T¢J)*( SEA(T}#MI(T,2) #T H{ DI+X (NX ) ®MINX JxE(NX)I*TH(NX) 00006230
1 #(R =X(1))) _ 00006240
960 DZF{Js14+5) = DINT (DUMP,DUNPP,XyNX) 000062 50
961 IF (NP.EQ.0) GO TG 991 . 000062 60
DO 990 J = 14NP 00006270

IF (NY.EC.0) GO TO 965 000062 80

DO 963 K = 1,NY 000062 59

DO 962 I = 1,NX 600063 00

962 DUMPP(I) = P (I 9J)*ECS{IIXTH(I)3YPP (14K ) , 00006310
963 DPF{JyKyld = DINT (DUMP,DUMPPsXyNX) ~ 00036320
965 IF( NZsEGeO ) GO TQ 971 . 00006330
DO 970 K=1,N2Z : 00006340

D0 964 I = 1,NX : 00006350
964 DUMPP(I) = P(I,J)*ECS{I)*ZPP{I,K) 00006360
S70 DPFLJsKs2) = DINT {(DUMP,DUMPPyX,NX} : 00006370
971 IF (NZ.EG.Q) GO T 990 003063 80
DO 980 K = 1 4NP 00006350

DO 975 I = 1,NX 000064 CO

975 DUMPPII) = P (I ¢J)*ECS(II*PPP(I,K) . , 00006410
980 DPF(JsKs3) = DINT (DUMFoDUMPP,XeNX) 00006420
990 CONTINUE 00006430
DAMPING OEFINITE INTEGRALS 00906440

991 IF (NY.EGs 0aORsGVsEQ,D) GO TO 995 00006450
DO 994 J=1,NY ' 08006460

DO 992 K=l 4NX 00006470

992 YIPL(K)= Y(Ksd) : 000064 80
CALL INT(DUMPP,YZPI 409Xy NX 21} ' 0000640

CALL INTUYZPI ;DUMPP,0,X,NXs2) 00006500

D0 994 I=1,NY : : 00206510

DO 993 K=1,NX 00006520

993 DUMPP(K)=YZPI(K) #Y(K,I) ' 06006530
994 DYDAl ) =DINTIDUFP,DUMPP, Xy NX)*CV 00006540
995 IF(NZ.EQ.0.0R.GH<EQ.0) GO TG 999 00006550
DO 998 J=1 4NZ 00006560

DO 996 K=1,NX : 00006570

103 :



396

YZPI LK) =Z(Kyd)
CALL INTUDUMPP,YZPT 03Xy NXy2)
CALL INT{YZPI (DUMPP 403X ¢NX,2)

DGO 998 I=1,N2Z

997
3998
999

1000

DO 997 K=1,NX
DUMPP(K)=YZPI{K) #Z (K1)
DZDAY ¢ JI=DINT{DUMP yDUMPPy X s NX ) *#CW
IFINPsEG. O CRyGPoEQsO}) GO TO 1010
DO 1002 J=1,NP
DO 1000 K=1l,MhX
YZPI (K) =P (K, J)
CALL INTIDUMPPYIPI 409Xy NX92)
CALL INT(YZPI »DUMPP 03X 40Xy 2)

DO 1002 I=1,NP

1001
1002

1010

1

14015
1016

1020
1021

1025
1026

1030
1031

DO 1001 K=1,NX
DUMPP{K)=Y2PI (K} #P{K;I)
DPDAI 1 J)=DINT(DUNP,DUMPPyX s NX}*GP

FORM BLADE COEFFICIENT MATRICES

I1=0 .
IF(NY.EQ.0) GO TC 1031
00 1030 1 = 1.NY

JJ =0

11 = I1+1 -
D0 1015 4 = 1,NY
JJ = 4+l

COI (11,40 CYYII(I,4,1)
DCOL{1i4JJ) = 4%DYSI{I,Jd,1)
COD{11,J3)=-DYDL 1,4J )

t i

DCOD(IT sdJd) = =2%(DYSI{I,0,2)-DYYII{I4Js5)-DYF{ 1sJy2)4DYYILI2ds2)

~DYF{l 14,11)
COULT Jd) = ~DYF(I,J,3)

DCOLIL, ) = DYYITIT 4,72~ EYYII(Ipr43+DYYII(IoJ’1)

IF{NZ.EQ.0) GO TO 1021
DO 1020 J = 1,NZ

Jd = Jd+l

CCI{IIsdd) = 0
DCOL(II,3J} = O
COD{IT,34) = O

DCOD(IT,4d) ='~2*(DYSI(IvJ13)—DYZII!IrJ,B)—BPC*DYZII(levl))
COlIL,4d) = ~DYF(I,3,4)
DCOLIILJd) = 0

IF{NP.EQ.0) GO TO 1026

DO 1025 4 = 1,NP

JJd = JJ+l

COLUIT,d4) = ~DYPII(L,4+3)

DCOI (11,44} = 0

CODLIT4JJ) = O )

DCOD{II+dd) = 2%#CYST(1+Jds4)

COLITI+dJ) = —DYF(I2Js5)

DCOL1I.J4J) = 0 -
DE(IIL) = OYNMIE(T +3)-CYMI(Ty4)+DYF(1s156)
BF{II)=0 .
IFCINPUT(L3) . NE.O. AND.AFY.NE.O) BF{II)=DYALII(I]
C ONTI NUE

IF(NZ.EQ.0) GO TG 1051

104

00006580
00006590
00006600
00006610
00006620
00006630
00006640
C0006650
00006660
00006670
00006680
00006690
000067C0
00006710
00006720
00006730
00006740
00006750
00006760
00006770
00006780
00006790
00006800
00006810
00006820
00006830
00006840
00006850
00006860
00006870
000068680
00006830
000069C0
00006910
00006920
00006930
00006940
00006950
00006960

00006970

00006980
00006990
00007000
00007010
00007020
00007030
00007040
00007050
06007060
00007070
00007080
00007050
00007100
00007110
00007120



1035
1036

1040
1041

1045
1046

1050
1051

1055
. 1056

1060

DO 1050 1 = 1.NZ

JJd = 0

11 = 1141

IFINY.EQ.Q0) GO TC 1036
DO 1035 J = 1,NY

NNRE N RE 2 T

COI{II.JJ) = 0O
DCOI{ILI,Jdd) =0
CODUII«JdJ) = O

DCOD(IIsd3) = =2¥{DZYI{1+J93)~DZF( IyJs 1)+BPCEDIYII(1,J51))

CO (114d4) = =~DZF{1,J4,2)
DCOMII,Jdd) = 0 :

DO 1040 J = 1,NZ.

JJ = JJel .
COI(IL,d4) = DZZII(L,J,1)
DCOL(II,Jd) = 0
CAD(I11,33)==C20( 1,4 )
DCOD (11,4} = 0

CO(IL+Jd) = =DIF(I4d,3)
DCO(IT,dd) =  DIZII(Ids6)~CZZ 11(1,d,s3)
IF(NP.EQ.0) GO TO 1046

DO L045 J = L,NP

Jd = I+l

COI(IT,J4d) = DZPII(I,J4,1)

DCOI(II JJ) = 0 ‘

COD(IL,44) = O

DCOD(II,JJ) = O

COUII Jd) = =DZF (I 4ds4)

DCO(IT 4 JJ) = ~DZPI(I,3,2)+DZFL 140,46}
DFUIT) = ~{DZMI{1,6)~DIF{I,+1,5)+BPL*DZIMII(T,2))
BF(I1)=0

IF(INPUTIL3) « NEs Qe AND AFZoNELO) BF(IT)=DZALII(I)
CONTINUE .

IF{NPL,EQ.0O} GC TC 1075

DO 1070 I = 1.NP

Jd = 0

11 = 11+1

IF{NY.EQ.0) GC TC 1056

DO 1055 J = 1.NY ‘ .
JJ = JJ+l

COI(11,44) = -BPYII(I,4,Jy3)

DCOILIT,3d) = O

CCD(II,JJ} =0 '

DCOD{IT+JdJ) = =22DPST{14J+1)

CO (1I,Jd) = ~0PYI(I4J,9)4DPF(1,J4,1)
DCO(IT 4JJd) = ~(DPYIT(I +Js8)-CPYIL{ 1y, 6)+4DPYII{14Js3)1}
IF(NZ.EQ.0) GO TC 1061 '
DO 1060 J = 1,NZ

Jd = Jddel

COI(IT,JJd) = DFZII{1+J+2)

DCOI LI 4d) =0

COD(ILd44) = 0

DCOB(IL,43) = O

COUT ,JJl=—{DPZI{1 +J+8)+DPF( T14dy2))
DCO(II+3J) = DPZII(I+3+7)-0PZI1(Esd44)

105

. 00007130

0007140
00007150
00007160
00007170
000071 80
00007190
60007200
000072190
00007220
00007230
00007240
00007250
00007260
Q0007270
00007280
00007250
00007300

- 00007310

00207320
00007330
00007340
00007350
00007360
00007370
00007380
00007390
00007400
00007410
00307420
00007430
03007440
00507459
00007460
00007470
00007489,
00007490
00007500
00007510
00007520
00207530
00007540
00007550
00007560
03007570
30007580
00007590
000076 CO
000076190
00007620
03007630
00007640
043007650
00007660
60007670



1061

DO 1065 J = 1,NP

dd o= Jdel

1065
1070

1075

1076

1080

1081
1087

COI{IIsJdd) = DPPII{IyJea)}
DCOTLII,Jd4) =0
COD{I1+JJ)=—-DPD( 1,4}
DCOD (I1y,43) = O

COULIsdd) = ~DBPF{I;:J+3)-DPPI{1,yJ46)
DCO(II4dd) = —{DPPII{I 1J45)4CPPI{11J97))
BF{I1)=0 :

IF(INPUT{13) .NEa O, ANDLAFP.NE,O) BF{IT}I=DPALII(I)
DF{II) =<~{(DPMII(I1,9)+BPCH*DPMII{1,4))

CONTINUE

OMEGS = (OMEG*0MEG
OMF S=CHF+0OMF

DO 1080 I = 1,NM

DO 1076 4 = 1sNM :

COIR(IsJ) = COL{T,J¥+0FEGS*DCCI{1,4)
CODR{T+J) = COD(IyJ)+ONEG *0COD(TI,4d)

SUM WITH OMEGAS

COR{I yJ} = COLI,J)+CMEGS*DCC{I,d)

NOTE F IS EVALUATED IF FCT
FR{{) = OMEGS*DF({I)

INVERT COGIR

CALL INVRS {COIR,NM,RICC,WORK,IROW,ICOL, NMODE,NM1)
- HUB EFFECTS WITH CLD CMEG TQ BE RATIOED LATER
IF{INPUT(7) . EQ.0,AND.INPUT(8).EQ.0 - ANDINPUT{9).EQ.0) GO TO 1100

IF{. NOT.LCALC)GO TO 1090
JJ=0

IF(NY.EQ.0) GC TC 1087
DO 1081 J=1,NY

JJ=J4+1

CONST = YI (1 ,J51)
BIN(1,Jd)= CCNST
BIN(24JJ)=—CCNST

BIN{3,JJl= 0

BDAM(L9JJ) = CCNST *2,*CLDOM
BDAM{2,Jd) = CCONST #2.*CLCOM
BOAM(3,Jd) = O

BSPR(1,JJ) = —CONST#CLCCMS -
BSPR(2¢J4J) = CONSTH#OLOCMS
BSPR(3,J44) = 0O

COIH (JJdsl)d
COIH (JJ,2)
COIH (JJy3)e
DO 1081 I=1,3
CODH(JJI) = 0
IF(NZ.EQ.0) GO TO 1083
DO 1082 J=1,NZ

JJ =dd +1
BIN(l,JJ) =
BIN(2,dd) =
BIN(3,J4) =
BDAMIL ,JJ)
BDAMI2 5 JJ}
BDAM(3,J4J)

DYMIT(J,1)
-DYMIT(J,1)}
0

oo

=2I(L+ds1}
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00007680
00007650
0Q007700
00007710
00007720
00007730
00007740
000077590
00007760
00007770
00007780
00007790
0000780C0
Q0007810
00007820
20007830
00007840
00007850
000078460
Q0007870
00007880
0000780
Q0007900
00007910
03007920
00007930
00007940
00007950
00007960
00007970
00007980
00007990
00008000
00008010
00008020
00008030
20008040
20008050
00008060
00008070

30008080

000408090
00008100
00008110
00008120
00008130
00008140
00908150
00008160
00008170
00008180
00008150
000082C0
00008210
00008220



1082
1083

1084
1085

1086

1050

1051

BSPR{l,44) = 0
BSPR(2+4J) = 0
BSPR{344d) = 0O
COIHtJIJL1) = O
CQIHt{JJ2) = 0O .
COLH{JJ,3) = -CZMIT (J+1)
DO 1082 1=1,3 .
CODH{JJsI) = D
IF (NP.EQ.O) GO TO 1085
DO 1084 J=1,NP.
Jd =JJ +1
CONST = PI(1,J+3)
BIN{1sJJ4) = ~CCNST
BIN(2sJJ) = COCNST
BIN{3,Jd) = -Pl{ls3y1)
BDAMU1 +JJ) = —CONST %2, *CLDOM
BDAM{2444) = —CONST*2,%CLDOM
BOAM(3,4J4} = O
BSPR(1,4d) = 0
BSPR(24+44) = 0O
BSPR{3,4J) = O
CONST = DPMIT(J,3}
COIH{JJd+1) = —COMNST
COIH{JJ,2) = CONST
COIH{JJ4+3) = ~COMNST
CODH{JJsl) = —DPNMII{Jy3)%CLDCM
CODH{JJ+2) = DPNMITL(J,3)*CLDCM
CODHLJJ+3) = 0 :
DO 1086 1=1,3
DO 1086 J4=1,3
HCll,J) = 0
HK{I+d) = 0

MU ,d) = 0

TM{l 41} = HMX + AB*MI{1l,e1)
THM(24+2) = HMY + NB*MI(1l,1)
TM{3,3) = HMZ + NB*MI{1,1)
HC{l,1} = -HCX
HC(2.,2) = —HCY
HC (3 43) = -HCZ
HK(Ly1) = -HKX
HK{24+2) = -HKY
HKL3,3) = -HKZ:

INCLUDE OMEGA IN HUB EFFECTS USES RATIOS
DO 1091 I=1,3
DG 1091 J=1, N¥ ,
BOAMITI o J)=BDAN(I,J)*%CMRAT
BSPR{I +J}=BSPR(I oJ) *OMRATS
CODHAJ,I)=COCH{J +1) *CMRAT "

" NQTE

NCTE NOTE - — — SPECIFIC FOR 3 HUB 0OF

CALL MXMIBIRI LBIN SRIOC  »3,NMyNM;3,3,NMODE )
CALL MXM{BIRID sBIRI ,CCDR ,39NMyNMy3,3,NMODE 1}

CALL MXM{BIRIC ,BIRI ,CCR

23sNMeNM»3, 3, NMODE 2

DO 1092 I=1,3
DO 1092 J=1,KM : )
1092 BIRIOYI +J)=BIRIO(I,J)+BSPR{I,J4)}
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00008230
00008240
00008250
00008260
Q0008270
00008280
00008250
00C083 00
00008310
00008320
00008330
00008340
00008350
000083460
00008370
000083 80

© 00008399

000084 00
00008410
00008420
00008430
00008440
00008450
00008460
00008470
000084 80
000084 50
00008500
00008510
00008520
00008530
00608540
00308550
000085 60
00008570
00008580
00008550
00008600
00008610
00008620
00008630
00008640
00008650
00008660
00008679
000086 80
00008650
60008700
00008710
00008720
60003730
20008740
00008750
00008760
00008770



CALL MXM{BIRIDH,BIRI +CCDH 3.NM, 3,3,3,NMODE ) 00008780

CALL MXM{BIRIIH,BIRT ,CCIH 53,NM, 3,3,3,NMODE ) 00008750

c SOLUTICN CONTROLS ' C : 00008800
1100 PRMTI1)} = 0 : ‘ 00008810
OM=0MF . _ 00008820

IF (OM.EQ. 0) OM=OMEG . 00008830
PRMT(2) =6.28319*CYCLES/OM. . 00008840
PRMT(3) =6.28319 /HINIT /OM 00008850
PRMT(4) =ERRCR o : 00008860
IF(ERROR.LE.O) CALL ERR{1100,0) ' 00008870
PRMT(6) = BERR 00008880

DO 1105 I= 1,NDIN ‘ o : 00008850
YVAR(I) = O ‘ . 4 00C089C0

LY(1) = JFALSE. ‘ ' 00008910

1105 DERY(I} = 0 . , : 00008920
IF{IYIC.LE.O) CALL ERR{1105,0} 00008930
IFCLYIC.GToNDIM) CALL ERR {1106,0) 00068940
YVAR(IYIC) = CIC 00008950
IF(IYE.LE.O0) CALL ERR (1107,0) : 00008960
IF(IYE.GT.NDIM} CALL ERR(1108,0) : 00008970
DERY(IYE} = 1.0 , 00008980

[F (INPUT(T) .NE.O) LY(1l)= .TRUE. . 00008950

IF (INPUT(7)4NEo0Q) LY(2)= JTRUE. . 00009000

IF (INPUT(8)4NE.O) LY(3)= .TRUE. 00009010

IF (INPUT(8) .NE.Q) LY({4)= .TRUE. - . 00009020

IF (INPUT(9) o NEs0) LY(5)=  TRUEe . 00009030

IF (INPUT(9) .NE.0)} LY(6)= .TRUE. . : 00009040

1200 IDIM = L0#2%NM%NE . 00009050
DO 1205 [=11,I10I¥F 00009060

1205 LY{I) = .TRUE. ’ 00009070
¢ 06009080
c 00009050
c 000091 CO
c - QUTPUT QUTPUT OUTPUT 00009110
c . 00009120
c 00009130
2000 CALL HEADIN , 00009140
IF (INPUT(1) oNEs 24 ANDs INPUT(2) oNE4 20 ANCo IC2. EQ40) GO TO 2050 000091 50

c , 10 = 1,2 000091 60
PRINT 9060 yNBsBPCyTHO 4GV GH 5 CP 000091 70

9060 FORMAT (//30X,27HIO = 142  BLADE PROPERTIES//10X,I5,7H BLADES 000091 80
1 5X,9HPRECONE = 4F6.3:5X,9FTHETA 0 = 5 F6.3,5X, 000091 S0

2 1SHDAMPING (VywsP} ,1P3E11.3 . 0000692C0

3 /710X y98HX “ E 08009210
4SMALL EA KML KN2 KA THETA PRIME (C )THETA00009220

5 7/} 00009230

DO 2010 I = 1,AX _ _ 00009240

2010 PRINT 90TO0s1 oX{I)oM{I} ECT) ySEALTDKMLL ), KM20 1) KALL)(THP(I) , 00009250
1 TH(I) 000092 60

9070 FORMAT (1X,13,1P10E12.3) : _ 000092 70
PRINT 9080 000092 80

9080 FORMAT (// TX, 89HEI CP £1 1P GJ EA 00009250
1 EBL% . EB2% EC1 ECL* //) 00009300

DO 2020 T = 1,NX ‘ 00009310

2020 PRINT 907041 yECP(I) ,EIP{I},GI(T),EAL T},EBLIT), EB2( L) ECLT),ECS{]} 00009320

108



CALL HEADIN : : 00009330

PRINT 9090 . 00009340
9090 FORMAT (//8X$29H{C) EW (CIEV (CIEP . //) 00009350
DO 2030 I = 1,NX 00009360
2030 PRINT 9070,1,En(1),EVIIISEFLT) ; 00009370
10 = 3,4,5 000093 80

2050 IF(INPUT(3) o NEL2 LANC, 1C2 ECo000R. INPUT(3)4EQ.0) 60 TO 2075 00009350
CALL HEADIN ; v 00009400
PRINT 9100 , - 00009410

9100 FORMAT  {//20X,23HI0 = 3  IN-PLANE MOCES // 20X,18HSECOND DERIV00009420
LATIVES //) . . 00009430

DO 2055 I = 1,NX E P ; o 00009440

2055 PRINT 907041 ¢ (YPPUL+J) yd=LoNY) : : 00009450
PRINT 9110 o 00009460

9110 FORMAT {//20X,28H{C) FIRST DERIV (NORMALIZED) //) 00009470
DO 2060 E=1,NX 00009480

2060 PRINT 907051 o {YP{I+4)sJ=1¢NY) ' : " 00009450
CALL HEADIN 000095¢0
PRINT 9120 _ . 00009510

9120 FORMAT (//20X,15H(C) MCDE SHAPES//) - . 00009520
DO 2065 I = 14NX : 00009530

2065 PRINT 907041 s (Y(Isd)9d=14NY) 00009540
2075 IF(INPUT{4)+NE.2.AND, [C2.EC20OR<INPUT(4).EG.0) 6O TO 2100 00009550
CALL HEADIN 00009560
PRINT 9130 00009570

9130 FORMAT{//20X,2THIO = 4  QUT-OF-PLANE MODES//20X,18HSECOND DERIVA TO0009580
LIVES //) _ ' 00009590

DO 2080 I = 1,NX 00009600
2080 PRINT 907041 ¢ (ZPPUI,J) J=14NZ) ) 00009610
PRINT 9110 ' 00009620

DO 2085 I = 1,NX 00009630
2085 PRINT 907041 +4ZP{Lsd)yd=1 NLY 00009640
CALL HEADIN S 00009650
PRINT 9120 ' 00009660

D0 2090 I = 1,NX . 00009670

2090 PRINT 9070+1 »{Z(Led) sJd=1,NZ} 00009680
2100 IF(INPUT(5) 4 NEs2+ANDs 120 EG2040R4 INPUT{5)<EQ40) GO TO 2150 00009650
CALL HEADIN 00009700
PRINT 9140 . 00009710

9140 FORMAT ( //20X%,22HI0 = 5 T(RSICN MODES //20X,18HSECOND DER IVATI VO00G9720
1ES //) 00009730

DO 2105 T = 1,NX 00009740

2105 PRINT 907051 +(PPP(I 4} 4d=1,NP) 00809750
PRINT 9110 ‘ o 00009769

DO 2110 I = 1,NX 00009770

2110 PRINT 90701 (PP (1,4} 4J=1,NP) : 00009T7€0
CALL HEADIN 00009750
PRINT 9120 : ' 00009800

© DO 2115 1 = 1,NX. , 00009810
2115 PRINT 9070 +I o(P(L4d) sJ=1,NP) 00009820
2150 IF(IC3 .EQ.0) GO TQ 2500 00009830
DEFINITE INT EGRALS 00009840

IF (INPUT(3) . EQ.040R. { INPUT(3) .EQ.1 .AND.IC2.EQ.01) GO TO 2200 00009850

CALL HEADIN , 00009860

PRINT 9150 . 00009870
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9150

9160

FORMAT (//720X,20H%%% DYYT {(I1,J,N) *%% //) .
PRINT 91609{1,1=1,10}

FORMAT {1 X 3HI J917,+9112 /)

DO 2160 I = 1,4AY

- DO 2160 J = 1.NY

2160
9170

9180
2170
9190
2175

2176

9200

2180
2182
9210

2185
9220

2156

9230

2155
2200

9240

2205

9250

PRINT 917051 9 Jy{YYI{IsJyN)eN=1,101}
FORMAT {1X,11,1241P10E12.3)

PRINT 9180

FORMAT( /720X 2 1H#*%¥x DYYII {I,J,N) *%%x [/)
PRINT 916045{1,41=1,9)
DO 2170 I = 1,NY
DO 2170 4 = 1,AY
PRINT 91701[vJv(CYYI[(XthN):h—1r9)

IF{INPUT(4).EQ.O0) GO TC 2176

PRINT 9190

FORMAT (/7/720X,2  Ha%% CYZII (IsJdo N) #%x* //'

PRINT 9160+(1,1=1,8)

DO 2175 I = 1l.hY

DO 2175 J = 1402

PRINT G170l 2 Je{CYZTTI{TsJN}sN=1,8)

CALL HEADIN

IFLINPUT(5).EQ.0) 6GAQ TC 2182

PRINT 9200

FORMAT (//720%,21 H¥**%* DYPII (ItJvh) *¥xk //)

PRINT 9160:{1,1=1,3)

DO 2180 1 = LlahY

DO 2180 4 = 1,AP

PRINT 917091th(CYPI[(ItJtN),N—1y3)

PRINT 9210

FORMAT (//720X20H%%% DYST {(I4dsN) %% //})

PRINT 9160,(1,+1=1+4%)

D0 2185 I = 1lyNY

DO 2185 J = 1,AMAX

PRINT 917051 Jy(DYSI(IsJeN)sN=154)

PRINT 9220

FORMAT (//720X,18H*¥%% DYNI (I4N) %k% //)

PRINT 9160+{1,1=1,10)

00 2190 I = 1,A\Y

PRINT 907041 J{DYNMI{I N} sN=1,10)

PRINT 9230

FORMAT{// 23X 19k%%x DYNIT (I4N) *%% //})

PRINT 9160,(I,1=1,91

D0 2195 I = 1,NY

PRINT 90701 4({CYNII{I, N)sN=1,9)

IFUINPUTI{4) . EQeQeORalINPUT(4)eEQel sANDLIC2.£Q.0)) GO TO 2259
CALL HEADIN ‘

IFCINPUTIZ).EQ.D) GO TC 2211

PRINT 9240 '

FORMAT{//20X,20H%%% DIYI (I,JsN) %% //)

PRINT 91604(14i=1,10})

DO 2205 1 = 1,MAZ

DO 2205 J = 1.NY

PRINT 917091 9Jo(CZYI{14JsN}yN=1,10)

PRINT 9250 . -
FORMATL//20Xs21H%%% DIYIT (I1,d,N) *%% //}
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00009880
00009890
006099G0
00009910
00009920
00009930
00009940
000099590
00009960
00009970
00009980
00009990
000100C0
0¢010010
00010020
0C010030
00010040

- 0C01005)

60010060
00010070
00010080
00010050
000101 CO
00010110
00010120
00010130
00010140
00010150
00010160
00010170
000101 80
00010150
00010200

0C010210

00010220
00010230
00010240
00010250
000102 60
000102 70
00010280
00010250
00010300
00010310
00010320
00010330
00010340
00010350
00010360
00019370
00010380
00010350
000104 €O
00010410
00010420



2210
2211
9260

2215
9270

2220

S280

2225
2226
9290
2230
9300

2235
2250

9310

2255
9320

2260
22¢€1

9330

PRINT 9L60s(141=1,2}
.DO 2210 1
DO 2210 J =

PRINT 9170491 sJo{CIYII{IJsN}2N=149)

PRINT 9260

1,N2
1.NY

FORMATI//20% 2 H*%% DZZ1I1 (IsJsN) *** 77}
PRINT 9160:(1:[ 1,8) :

Do 2215 1
b0 2215 4

PRINT 917091 3J+{DZZI1{1,J4N}sh=1, 8)
IF (INPUT(5).£€C.0) GO TC 2226

CALL HEADI
PRINT 9270

N

1,N2
1402

FORMAT{//20X20H%%% DZPT (TyJs N} sk //’
PRINT 9160+ (121=1,2)
DO 2220 1 = 1,NZ
DO 2220 J = 1.AP
PRINT S170 91 yJs{BZPI{I4JsN)yN=1,2)

PRINT 9280

FORMAT( /720X 21H3%% DZPII (19JdyN) *%x% /7))

PRINT 9160
DO 2225 I
DO 2225 4

k4

(I,I=

=.1sNZ

14NP

PRINT 9170+ 44,

PRINT 9290

1,1)

CZPII(14J,1)

FORMATI(//20X 418HA%%* DINI (I,N) %%% //)
PRINT 9160+(1,1=1+101}

DO 2230 1

PRINT 9070,1 ,{DZMI(I,4N),N=1,10)

PRINT 9300

1sNZ

FORMAT (//20%,10F#%% DINII (1,N) %%k //7)
PRINT 9160,(1,1=1,9)

DO 2235 1

PRINT 90701[:(DZPEI(I N)oN=1,9)
IFUINPUT(5) . EQ.0.CRa(INPUT(5).ECWl AND .1C2 +EQ.0)) GO TO 2300

CALL HEADI

IFAINPUT(3)aEQ.OD) GG TC 2261

PRINT 5310

N

14NZ

FORMAT (//720X20H%%¥* DPYI (I.J,N) %%% //)
PRINT 9160,8i141=1,10)

DO 2255 1
DO 2255 1

PRINT 9170 :+1 ¢ Jo{DPYILI,J9sN),h=1,10)

PRINT 9320

FORMAT (//20X.21H¥%% CPYII (I,3,N)

1eNP
1,NY

PRINT 9160+(141=1,9)

DO 2260 1
DO 2260 J

PRINT G170 91 3 Jo{LPYII{TI,J4N)sN=1,9)

1,NP
1.NY

IF{INPUT(4). EQ.0) GO TC 2271

PRINT 9330

xx% /1)

FORMAT (//720%,20k%%k DPZI (IsJsN) %% //)
PRINT 9160,(1,1I=1,9)

DO 2265 1
DO 2265 4

L]

1.0P
LsNZ
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00010430
00010440
00010450
00010460
30010470
00010480
00010490
00010500
00010510
00010520
00010530
00010540

- 00010550

0Q0105£0
00010510
00010580
00010550
000190600
00010610
00010620
00010630
00010640
00010650
00010660
00010670
G0010680-
00010650
00010700
00010710
00010720
00010730
00010740
Q0010750
00010760
94010770
0001 0780
00010750
00013800
00010810
00010820
00010830
¢0010840
40010850

- 00010860

00010870
00010880
00010850
000109C0
40010910
00010920
00010930
00010940
00010950
00010960
Q0010970



2265

5340

2270
2271
9350

2275
9360
2280
9370
2285
9380

2290
9390

2295
2300

9400

2305
2310

9410

2315
2320

9420

PRINT 9176,1yJ.(CPZI(!;J,hi.N=1.9)
CALL HEADIN
PRINT. 9340

FORMAT(//20% s21H3%% DPZIL (TsdsN) %5% /7)

PRINT 9160,{1,1=1,8)

DO 2270 I = 1,AP

DO 2270 J = 1lg¢NZ

PRINT 917091'JQ(CPZI[(I'J'N)yh—198,
PRINT 9350

FORMAT(/7/20X 20H¥%% DPE] (I4J49N) *3% //}
PRINT 9160,(1,1=1,8)"

DO 2275 1 = 14NP

DO 2275 J = 1.NP

PRINT 9170,1 9Jo{CPPILIoJsN}N=1,8)

PRINT 9360

FORMAT{ 7720X,21H*%x DPPII (IerK) **% /7
PRINT 91604(I,4I=1,7)

D0 2280 1 = 14NP

DD 2280 J = 1,.NP

PRINT 91707[1J1(CPP{I(IQJ1N)1N-117)
CALL HEADIN

PRINTY 9370

FORMAT (/7/720%:20H%%% DPSI (Iy4Jd91) %% //’
PRINT 9160+(I,I=1,1)

DO 2285 1 = 1¢NP

DO 2285 J = 1¢NY

PRINT 917091 9Js CPSI{I4Jds1)

PRINT 9380 i

FORMAT (//20X,18H%%¥% DPML (I4N) *%% //}
PRINT 9160,(1,I=1,10)

DO 2290 . 1 = 1,NP

PRINT 9070, I,(CPﬂI(I'N)'N-I’IO)

PRINT 9390

FORMAT (/7/20%y19k%%% DENIT (I,N) %%k //)
PRINT G1604(1,I=1,9) '
DO 2295 1 = 1,NP

PRINT Q0701 s(CPNIT{I+N}yN=1,9)

CALL HEADIN

IFL{INPUT(3).EQ.D) GO TC 2310

PRINT 9400

FORMAT (//720X,19H¥%% DYF (IsJyN) %%k J /)
PRINT 91604(1,1I=1,6} ;

DO 2305 I = 14NY

DO 2305 4 = 1,MMAX

PRINT 917041 g do{CYF{I2JoN)N=1,6)
IF{INPUT(4).EQ.0) GO TC 2320

PRINT 9410

FORMAT (//720X%,19H%%% DZF (I,JyN) %% 7/)
PRINT 9160,(1,I=146)

DO 2315 1 = 1,NZ

DO 2315 J = 1,NMAX

PRINT GLT70+1 9 Jo{CZFL{LJdsN)yN=1561)
IFLINPUT(5}.EQ.0) GO TC 2330

PRINT 9420

FORMAT (/7720 %xe19H%%¥%x DPF (I3JsN) %%k //)
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-

00010980 -
0001 0950
00011000
00011010
00011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090
00011160
00011110
ao011120
00011130
00011140
00011150
00011160
00011170
000111 80
60011150
00011200
00011210
00011220
00011230
00011240
00011250
00011260
00011270
00011280
00011290
00011300
00011310
00011320
00011330
00011340
00011350
00011360
00011370
00011380
00011350
00011400
00011410
00011420
00011430
00011440
09011450
00011460
00011470
00011460
00011450
00011500
00011510
00011520



PRINT 9160,{1,1=1,3)
DO 2325 1 = 1,NP

-DO0 2325 J = 1,NMAX

2325
2330

9421

2335

c

2340
2345
2500

9430
1

2525

9450

2530
9460

€470
2540

2550

S480

2560

9500

25€5

2570

PRINT 91701 29 {CPF{I4+JysN})sN=1,3)
IF{GVeEQaOs ANDaGla EQaO 4 ANDoGPLEQeD) 60 TO 2500
CALL HEADIN -
PRINT 9421

FORMAT (/720X 21 H*x%% CYD, DZ Dy DPD *3¥% - //}
PRINT 9160,y (I,1=1,5)

DO 2335 I=1:NY

PRINT 9070’[7(UYC(I1J’1J‘11NY’

PRINT 9470

DO 2340 I=1,NZ

PRINT 9070,I(0ZC(I+J) s =1,NZ}

PRINT 9470

DO 2345 I=14AP

PRINT 907011,(090(11J’1J—19NP! N
IF (INPUT(6) aNEa2,ANDLIC2.EQ.0) GO TO 2525
PRINT 9430,0NEGsCMF

00011530
000115%0
00011550
00011560
00011570
00011580
00011590
000116C0
00011610
00011620
00011630
00011640

00011650 -

00011660
00011670
00011680
00011650
00011700
00011710

FORMAT {//20X,22HIC = 6  ROTCR SPEED = ¢F6420 1TH FORC ING -FREQ =00011720

COEFFICIENT MATRICES
IF{IC4.EQ.0) GC TQ 2600
CALL HEADIN
PRINT 9450
FORMAT (//20X,31H¥%% CCIR, COLRy, COR, FRy BF *%*%* //)
DO 2530 I = 1,NM :
PRINT 9460 (COIR{I2J) 2J=1,NM}
FORMATI3X,41P11ELl1.3)
PRINT 9470
FCRMATL//)
DO 2540 1 = 1,NM
PRINT 94601(CUDR(10J)'J”1vNM’
PRINT 9470
DO 2550 1 = 1,NM
PRINT 9460 {COR(15J)9J=1sNM}
PRINT 9470
PRINT 9460 ,{FR{I)+I=1 W)
PRINT 9470
PRINT 9460, (BF(1)I=1,NM)
CALL HEADIN
PRINT 9480 .
FORMAT (//20X24H%%% RICC = INV{COIR) %k //)
DO 2560 [=1.NM
PRINT 9460y (RIOCHI ¢J) oJ=14NNM)
IFUINPUTLT ) o EQeO s ANDSINPUT (8} oEQ.0 -AND & [NPUT(9’:EQ 3)G0 10 2600
PRINT 9500
FORMAT(//720X 20H%*%% BIRIIH,BIRID %%k //}
DO 2565 1=1,3
PRINT 9460,(BIRIIH{Isd),d= 1-3)
PRINT 9470
DO 2570 1=1,3
PRINT 9460'(BIR!D‘I'J31J=erV,
CALL HEADIN
PRINT 9510 ~
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00011730
00011740
00011750

.00011760

00011770
00011780
00011750
000118C0
00011810
00011820
00011830
00011840
00011859
00011860
00011870
00011889
00011850
00011 9GO0
00011910
00011920
00011930
00011940
00011950
00011960
40011970
00011980°
00011950
00012000
00012010
00012020
00012030
00012040
00012050
00012060
00012070



~
¥

9510

2575

2580

- 2585

2600
5600
1

9601
1

9602
1

3900
9740

G741
5742
9743

8750

9755
97640
97170
9780

$785 F
1

4000
9800

2

5000

FORMAT(//20X 93 TH4%% BIRIG,BIRICH, BIRIyTM, HCy HK 9 FF Xk /71
- DQ 2575 1=1,3 . .
PRINT 9460;(51RIC([!J31J‘1:NF’

PRINT 9470

DO 2580 I=1,3

PRINT 94607(BIR[DH(19J),J-1'3)

PRINT 9470 A

D0 2585 I=1,3

PRINT 94604 {BIRI{1,J) s =1:NM)

PRINT 9470

PRINT 9460, {TM{I 1) ,1=1,43)

PRINTO470

PRINT 94860 (HC{I I},I= 113’

PRINT 9470

PRINT 94609“‘““(([1["1—113)

PRINT 9470

PRINT 9460 HHF

IF(INPUT{T)aNEL.Q) PRINT 9600 o FMXpHCXyHKX yHF( 1}

FORMAT(//720X,19HI0 = 7 HUB DATA 10X, 16HHM Xy HCX 9 HKXy HF
4F10.3)

IF(INPUT{8) o NELO) PRINT 9601 ,FMY,HCY sHKY s HF{ 2}

FORMAT(//20X,19HIC = 8 HUB DATA - 10Xy 16HHMY,HCY» HKY, HF
4F10e3)

IF{INPUT(9)aMNELO) PRINT 9602 FMZ4HCZHHKZ y HEL 3} .

FORMAT{//20X419HIO0 = 9 HUB DATA 10X,y 16HHMZ yHCZ 4HKZ ¢ HF
4F10.3)

IFCINPUT(13) s NEs O} PRINT 9740, X{NX F)yAFY, AFL, AFP
FCRMATI{//20X27HIO = 13 STAy, FY, FZy FP = ., 4F1l0.3)
TFUINPUT(13) o NE. 0. ANDL FER.NE.O) PRINT 9743,PER
IFCINPUT(13) «NEWOs ANDW FERoNELO ) NBF=0

IFUINPUTI13) aNEe Qs ANDoNBoGT o« Lo ANCANBFL EQ0) PRINT 9741
IF{INPUT{13) o NEs 0o ANDeNBaGT o 12 2NCaNBFeNELO) PRINT 9742:NBF
FORMAT (30Xs10HALL BLADES )

FORMAT (30X,9HEBLADE NO. 1I3)

00012080
00012050
00012100
00012110
00012120
00012130
00012140
Q00121 50
00012160
00012170
00012180
00012190
00012200
00012210
00012220
00012230
00012240
00012250
000122¢€0
00012270
00012280
00012290
000123¢0
00012310
00012320
00012330
00012340
00012350
00012360
00012370
00012380
04012390
000124400
00012410

FORMAT (/20X+16H1-CCS FORCE FCR ,FS 3y 24H OF ROTOR CYCLE (FROM 0} 100012420

IFUINPUTI1T) oNEe 2. ANDLIC2.EQ0) GO TO 4000
PRINT 9750 NLIN - .
FORMAT{//20X16H1I0 = 17 KLIN = 4 I3)
IF{NLIN.EQ.O) PRINT 9760

IF(NLIN.EQ.2) PRINT 9770

IF{NLIN.EQs1) FRINT 9755

FORMAT(20X 2 TH®x% =P ACN-LINEARIT ITS #%%¥)
FORMAT (20Xs2TH*3¥x ALL NCN-LINEARITIES #*%%)
FORMAT (20X,25H%%% NO CCRIOLIS TERMS #*%%)
IF(NFLOQ.NE.O) PRINT 9780 .

FORMATI20X y43H%%*x AUTCMATIC FLOQUET TRANSITION MATRIX %3k )
IF{NFLOGQ.EC.2) PRINT 9785

FORMAT{20X+S5S5H*%% STEALY FCRCES DUE 10 STRUCTURAL EFFECTS IGNORED

Skk )

IF (INPUT(18) o NEos 2+ ANDe IC2.EQ.0) GO TO 5000

PRINT 9B800+CYCLES,HINIT,ERROR,IYE,CIC, IY IC,BERR -

FORMATI//3%+20HIC = 18 CYCLES =9 F5.194X, THHINIT =,F5.1,
4X96HBERR =,F642)

RE TURN
END
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SUBROUTINE IhT(A.BohOvaNX,ICCNf)

A{X}) = INTEGRAL OF B{X) WITH BC = A0 AT X{(1})
X IS INDEPENDANT VARIABLE :
NX IS NUMBER OF STATIONS
ICON =1 INTECRAL FROM D TO X
2 INT EGRAL 'FROMX TG R (LAST X)

TRAPEZOI DAL . INT EGRAT ION
REAL A€L2 4B (1) 4X(1)-

A(1)=A0 .
DO 10 I=2,NX

ACI)=A{I-L}+{B([-1)+BLI)*(X{1)~X{ I-1} /2
IF (ICONT.EQ.1) RETURN

C=ALNX) '

DG 20 I=14NX

A(I)=C-A(1}
* RETURN

END
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00000010
00000020
0€000030
0C000040
06000050
00000060
00000070
00000080
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000001 CO
000001190
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00000130
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000001 60
000001 70
000001 80
000001 SO
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SUBROQUTINE INVRS (ByN,2A.D, IRCN:ICGLgNRN,NCL) o 00000010

A = INVERSE CF B B UNCISTURBED 00000020
VARIABLE DIMENSICNS NCL "MUST BE AT LEAST ONME GREATER THAN N2 WGG000030
NRW MUST BE AT LEAST EQUAL TC N - 00000040
IROW, ICCL ARE VECTCRS OF LENGTH NCL _ : 00000050

REAL A(NRW,NCL) o BONRW,NCL) 4D (NRW,NCL} , . 00000060

INTEGER IROW(NCL),ICOLINCL) ‘ 06003070

DO 1 I=1,4N A : 00000080

DO 1 J=1,N ' 00000050

AI,4)=BII,J) , g 000001 00

M=N#+1 ' v 00000110

DO 7 I=1.,N . . 000001 20

IRGW(I)=I , - 00000130

1COL(I)=I , 000001 40

DO 20 K=1,N , . , 000001 50

AMAX= A(KsK) : 000001 60

DO 10 I=K,N . 0000170

DO 10 J=K,N 000001 80

IF (ABSC ACI,J))=ABS(AMAX))110+9,9 - 000001 S0

AMAX= ALL,0) ' : 000002 00

1c=1 , _ < : 00000210

Jc=4 - : 00000220

CONTINUE 00000230

KI=1COL{K) ' , 000002 40

1COL(K)=ICOLAIC) | _ 000002 50

1COLUIC) =KI : : . 00000260

KI=I ROW(K) ' : 000002 70

TROW(K) =1 RCW (JC) ) 00000280

IROW{JCI=KI ~ , ‘ 000002 90

IF(AMAX) 11,12,11 : . 600003 00

PRINT 13 00000310

FORMAT(® SOLUTION OF MATRIX NCT POSSIBLE?) 00000320

60 7O 100 . 00000330

DO 14 J=1,N 00000340

E=A{Kq¢J) , ‘ : 00000350

ALK, J)=ALIC,d) . ) 000003 60

ALIC, 4} =E , _ : 00000370

DO 15 I=1,N ~ 00000380

E=ALI ,K) 000003 50

ALL KI=A(I 4JC) 000004 00

Aty JCY=E" 00000410

DO 16 1=1,N . , _ 00000420

IF(I-K) 18,17,18 _ . 00000430

AL, MI=1, ' . 00000440

60 10 16 _ 00000450

ALT,M}=0. . 00000460

CONTINUE _ 00000470

PVT=A(K,K) 000004 80

DC 8 J=1,M . , 00000450

A(K,JI=AL{K,J)/PVT : : 000060500

DO 19 I=1,N : . 00000510

[F{I-K}21,19,21 60000520
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21

22
19

20

24

23
25

28
29
26
100

AMULT=ALT 4K)

DO 22 J=l,M
AL 3 J)=ALLyJ)=ANLLT#A(KyJ)
CONTINLE

DO 20 I=1,N

ALL oK) =ALT4M)
DO 25 I=1,N
DG 24 L=1,N

IF (ZIROW(I)=L)24,23,2%
CONTINUE
00 25 J=LsN
D(LyJ)=ALI,Jd)
DO 26 J=1,N
DO 28 L=1,N
IF(ICOLLJI-L) 28,29,28
CONTINUE

DO 26 I=1.N
A{LL)=DLI4d)
RE TURN

END
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SUBROUTINE MXM(Avath{K:NyNAyhBaNC}
MATRIX MULT AINXMI=BINXK)EC(KXM)

DIMENSION A{NAL1),8INB,1),C{NC,y1)
DO 20 I=1,N v .

DO 20 J=1,4

All,J)=0 - : : )
DO 20 t=1.K :

AT Jd)=A{1,33+8{T,L)%C{L,J)
RETURN

END

SUBROUTINE MXV (A +B+sCeMoNyNDI N, ICONT)

MATRIX TIMES VECTOR A(MI=BIM; NI*CIN}
+A(M)

DIMENSION A(1l),BINDIM,1),C(1)
DO 10 I=1.M S
IF(ICONT.EC. Q) ALI)=D

DO 10 J=1,N
A(I)=AL1})+B(I,J}AC{J)

RETURN

END
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FOR
FOR

00000010
00000020
00003030
00000040
00000059
0000060
00003070
00000080
0000050
000001 00
00000110
00000120

00000010
00000020
ICONT = 000000030
ICONT =L 00000040
00000050
00000060
00000070
00000080
00000050
000001 €O
00000110
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SUBROUTINE 0UTP(T;VV7DERY11HLF9VDIM:PRMT-LY) 00000010

REAL M,KM1 oKM2,KA : : - 0C080020-
LCGICAL LY(1) ’ 00203030
REAL DATA (61,DATAT(3) 00000040
DIMENSION YV(1),DERY{1)PRMT {1} 30003050
CUMMONIINDAT/X(ZO)vM(ZOl’E(ZO)’SEA(ZOD’KMI(ZO)’KMZ(ZO)qKA(ZO)g 00900C60

1 THP(20) +yECP{20) +GJ{20),EA(20),EBL(20)+EB2(20), ECS{20),EIP{20), 0C000070
2 THQ«BPC+YPP(204+3)sYP12043),ZPP120,5)+2P(20,5},PPP{20+43),PP{20,3),00000080

3 OMEG sOMF yEC(20) yNYNZ yNP NNy CMEGS, OMFS, IDIM, NMAX ¢ NL IN 00000050
44NB yHN X gHMY sHMZ 3 HCX o HCY 9 HCZ 2 BKX 9 HKY 5 HKZ 9 NX ¢ NFLOGQ ' . 000001CO0
5 sHINIT,ERRORsIYE,CIC2IYICSBERR 5 CYCLES yNXFy AFY,AFZ,AFP,NBF 00000110
6 sRyGVGWGPIHE(3) ,PER - 00000120
CUMMON/HED/ICleCZ,163,IC4'HEAE(19)’IPAGE,IVPUT(ZO),IEND,LINE,{CS 00000130
IF (NF LOQ. NE. 0) REJURN 00000140
CYCF = T*OMF/6.28319 ) : 00000150
CYCR = T%OMEG /6.28319 0030001 69
CYCRP=C YCR*3 60, 000001 70
NCYCF =C YCF : © pODODL 8D
NC YCR=C YCR 000001 99
DEGF = (CYCF~FLOAT{NCYCF))*360, 000002 CO
DEGR = (CYCR-FLOAT (NCYCR))#*360. 00000210
LINE=LINE+NMAXSNE+] 00000220
IF{NB.GTe1)LINE=LINE#NR v 00000230
IF(NMAX<GTo1) LINE=LINE+NB . . 00000240
TFALY(1)oORe LY{3) . ORLLY{5)ILINE=L INE+2 . 00000250
IF{LINE.GT«56) LINE=10 : 00000260
IF(LINE.GT.10) GC TD 50 ) _ : 00000270
CALL HEADIN _ v 000002 80
PRINT 1000 : 00060290
1000 FORMAT { /119H TIME OMF OMEGA I YU 11007 Y{1)000D03CD
1 Z(1)DO7 (1) PHI{LTIIDOT PHI(I00000310
2} 1 26H SEC - CY DEG €Y' DEG ) _ 00000320
S0 DO 110 IB=1,AB : ‘ 00000330
[11=2%NM*(IB~1)+9 . 00000340
DATAT(1)=0 v 00000350
DATAT(2) =0 ' ) 00000360
DATAT (3} =0 ’ : 00000370
DO 100 I=1,NMAX . 00000380
D.0. 90 J=1,6 00000350
S0 DATA{JI=0 00000400
IFA{NY.LT.I)GC TO 91 . 00000410
11=11[#2%1 _ . 00000420
DATA(LI=YV{II) ' v 00000430
DATAL2) =YV{II+1) 00000440
DATAT(L)=DATAT(L}+DATA(2) 00000450
91 IF(NZ.LT.1) GO TC 92 ‘ 00000460
TI=F11#2%(I+NY) ' 00000470
DATA (3) =YV(11) : 000004 80
DATA (4) =YV(II+1} ' 000004 50
DATAT(2)=DATAT{2)+DATA{4) 00000500
92 IF(NP.LTeI) GO TC 93 00000510

II=111+2%{I+NY+NZ) : .- 00000529

119



93

1004
1005

1010
55
1020
100
1021
110

1025

1030

200

‘DATA (5) =YVIII)

DATA {6} =YVI{II+1}

DATAT(31=DATAT(3)+DATA(6)

IF(I.GTs1j GC 1O 95 °

IFINB.ECs1l) GO TC 94

IF(IB.EQ.1) PRINT 1004’TyNCYCFtDEGFqNCYCR9DEGR

IF{1B.GT.1l ) PRINT 1005,18

GO 70 95

FORMAT {/1XyFb6a3 42{149F6.1)y10H *BLADE 1%}

FORMAT {27Xy7H *ELADE,12,1H%*)} )

PRINT 1010, ToNCYCF,CEGF,NCYCR,CEGR, I, CATA !
FORMAT (/1X%9F6.3+2114F6. l,vl3p3(lPElZ;3vEl3.318X))

GO TO 100

PRINT 1020, I,DATA

FORMAT (20X+I10:3(1PE12.34+E13, 3,8X))

CONTINUE

IFINMAX.GT41l)} PRINT 1021,DATAY

FORMAT (47X,1PE1343920X4E13,3,20X,EL3.3)
IF(IC5NEL O« AND2 IBo EQoLIWRITE(S) CYCRP,DATAT,YV(2),YV(4),YV(6]
CONTINUE o
[FALY(1)a CRa LY{3 ) CRe LY{5) )} PRINT 1025,(YV(L),L=1,6} ’
FORMAT{ /4 Xs26HHUB XDOT 3Xy YODCT,Y, ZDOT+Z »3{ 1PEL12.3,E13.3,8X))
IF {PRMT{6})+EG.0) GO TC 200 .

IF { ABS{YV(IYEI}.LT.PRMT(6) )} GO TO 200

PRINT 1030 '

FORMAT (//24H #%% LINIT EXCEECED *%¥x //)

PRMTIS) =1 .

RE TURN

END
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SUBROUTINE SCL{PRMT, YVAR:DERYvIHLF,LY) - 00000010

INTEGER IROH(BI),ICGL(BI) 04000020
LOGICAL LY{1) . ’ i - 00000030
REAL PRMT(1} ,YVAR(1),BERY (1)} 000003040
REAL AUX(8198,VBFTEMP(ll’QERH(36)9FLTM|30131’1FLTMI(30931)1 00000050
1 WORK(30,31) 00000060
REAL HFTEMP{3) ,FRTEMP{11} : 00000070
COMMON/INDAT/X(20) ,M{201)E(20), SEA(ZO),KMI(ZO).KMZ(ZG):KA(ZO), 40000080

1 THP(20) ,EOP(20) +6J(20) sEA(20)+EBL(20),EB2(20),ECS(20),EIP(20}, 0C000090
2 THOBPCsYPP{2093)4YP(20+3),2PP(20,+5)+2P(20,5),PPP{20,3),PP(20,3),00000100

3 OMEGOMFSEC(202sNYINZ,y NP,Nﬁ,CMEGSyDMFS,IDIM.NMAX:NLIN 00000110
AaNByHMX SHMY sHMZ sHOX yHCY 9 FCZ o FRKX s HKY s HKZy NX ,NFLOQ . 00000120
5 oHINITERRORGIYEJCIC,IYIC,BERR 4CYCLES oNXFyAFY,AFZyAFP 4NBF 0000V130
6 sRGVGHIGPSHE (3} ,PER 00000140
COMMON/COEF/CCICLY411),C€C0T(11+21),C0ODL11,11),0C0D¢11y11)y 00000150
1 CO{11+11),0CC{11,11),F{11),CF(12),FNLLIL1L),COIRI1L,12), 000001 €0
2 CODR{11+11),CCR(21,11},FRC11),RIOC(11,12),BF{11]) 00000170

3 'BIN(3.11)1BDAM(3,11).ESPR(BolllpCDIH(IIy3)1COBH(11’3)9BIRI(3711)00000180
49BIRID{34+11) sBIRIC(3,511)+BIRICH(3,3 )se HF(3},TM(3,3),BIRIIH{3,3 } 00000190
5 sHC (3 43) yHK(3,3) 00006200
COMMON/HED/ICI.ICZ1IC3.IC4,HEAE(19).IPAGE.IVPUT(ZO) IEND,L INE,IC5 00C00210
COMMON/DIM/NINPUTyNSTANYMODE, N VODE, NPMODE,NMODE, NM1,NDIM.NBLADE 000300220

ACOMMON/DER/THI20) » EVE20) » EW(20) ,EP(20),Y{ 20, 3),Z(20,5)4P (20, 3) 00000230
EQUI VALENCE (AUX(1) ;WORK(1})) 000002 40

IF (NF LOQ.EG. 0) CALLRKGSV (PRMT s YV AR, CERY » IDIMs THLFy AUX,LY) 000060250
IF(NFLOQG.EC.0) RETURN . 00000260
NVAR=0 A _ 000002 70

DO 10 I=1,IDIM o - ‘ : 000002 80
IF(LY(I)) NVAR=NVAR+L , 000002 S0

10 ERW(I)I=DERY(I) : 00C003 €O
IF (NVAR.GT.30} CALL ERR (5010.40) 00000310

DC 20 I=1,11 _ , 00000320
BFTEMP (1)=8F (1) 00000330
FRTEMP(I)=FR(I) 00000340
FRUI)=0, 00000350

20 BF(I)=0. 20000360
DO 25 1=1,3 : 000003 70

HF TEMP(1 ) =HF (1) : 000003 80

25 HF (I 1=0. , ' 00000350
PRMTZ =PRMT(2) 000004 CO
PRMT{2) =PRMT2/CYCLES 00000410
CALL HEADIN 00000420
PRENT LGOO,PRMT (2} 00860430
1000 FORMAT{(//30X+43HFLOQUET TRANSITICN MATRIX PERIOD(SEC) = 00000440
1 +F12.5/7) 00000450
11=0 ‘ 00000460

NC REPITION CF SCLUTICAS FCR MULTIPLE BLADES 00000470

NM2 = NMeNM 000004 80
1EB- = L1O+NM2 v 00000490

D0 100 I=1,ICI¥ 000005 CO
IF{<NOT.LY(I)) GC TQ 100 00000510

II=11+1 i / : 00000520

121



IF{1.GT.IEB}) GG 10 101

- DO 30 J=1,1DIV

30

50

1010
100

101

102
103

107
108

109
110

120
125

115
130

DERY{J)=ERW(J)}

YVAR(J}=0

YVAR{I}) =1,

CALL RKGSV{PRMT,YVAR,DERY ,IDIVN, IHLFs AUXsLY)
IF{IHLFL.EGQ.11) CALL ERR {5030,0)
IF{IHLF.EG.12) CALL ERR {5031,0)
IF(IHLF.GT12) CALL ERR {5032,0)
JJ=0

DO 50 J=1,IDIN

IF(eNOT, LY{S}) GC TO 50

JJ=Jy+l :

FLTMIJI 21T )= YV AR(J)

CONTINUE . ,
PRINT 1010FI+4FLTM{JI110,dd=1, NV AR}
FORMAT(1Xs13,1P10EL2.3/(4X,10E12.3))
CONTI NUE

GO TO 109

iDl = II~-NM2

1011 = 1D1-1 _ ’
1001 = It : '

DO 108 JB = 24AB

DO 108 J = 1.NM2

JJ = IDL1+(JB-1) *NM2#+J

JREF = ID1l#J :
IF{IDI11.EC.0) GO TO 103

D0 102 I = 1,I011 .
FLTMLI 4JJ) = FLTN{L,dJ~NM2)

DO 107 IB = 1,NB

IREF = I0D1-1 .
IF(IB.£Qs JB} IREF = 1D11

DO 107 I = 1.NM2

I1 = IDIL+(EB—~1}) *NM2+1

FLTM(II yJJ) = FLTM(IREF+ILJREF)
PRINT IOIOgJJ.(FLTM(IlsJJ)'II 120V AR)
CONTINUE

CONTINUE - : ,

00 110 J=1,101¥

DERY{J)=ERKIJ)

YVAR(J) =0

D0 120 J=l,11

IF(NFLOQeECa2) GC TD 120
FR(J}=FRTEMP (J)

BF (J)=BFTEMPLJ)

DO 125 [=1,3

HF (1}=HFTEMP (1)

IF{INPUT(13).NE.O) GO T0 115

[FLLY( (L} « ANCLHFTEFP{1)oMNELO) GO TO 115
IF(LY(3) «ANCL.HFTENP{2).NE.0) GO TO 115
IF{LY(5) o« ANCOHFTENP(3)aNELO) GO TO 115
RETURN

CALL RKGSVIPRMT, YVAR;DERY » ICIM, IHLF, AUX, LY}
DO 130 I=1,NVAR
FLIMU LLI=FLTEAT 5101
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CALL INVRS({FLTMyAVAR,FLTMI WCRK,IROW,ICOL, 30,31)
11=0 ‘ .

- DO 140 I=1,1D1I¥

140
1020

IF{NOT.LY{I}) GC TO 140
II=11+1 . ‘

YVAR(I1 }=YVAR(I)

CONTINUE

PRINT 1020+(YVAR{I},I=1,NVAR)

FORMAT {//30X,19HPARTICULAR SCLUTION /744Xy 1P 10E12.3})
CALL MXV{(DERY,FLTMI s YVARoAV AR, NV AR;30, 0}

1i=0

DO 150 I=1,ID1I¥

T YVAR(I)=0.

150

160

170

IF(sNOToLY(I)) GC TO 150
II=i1+1 :

YVAR{1)=~DERY{II)

CGNTINUE

DO 160 I=1,ICIN

DERY (1) =ERW(I)

PRMT(2) =PRMT2

NFLT=NFLOQ : \

NFLOQ=0

CALL RKGSV(PRMT,YVAR,CERY, IDIM, THLFs AUXsLY)
NELOQ=NFLT

IF{NFLOQeNE.2) RETURN

DO 170 I=1,11

BF{I1)=BFTEMP(I)

RE TURN

END
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SUBROUTINE RKGSV{PRNMT ,Y,DERY ;AT IMy IHLFs AUX4LY ) 00000010

. , . 00000020
SUBROUTINE RKGSV , 00203030
'MODIFIED TC INCLUGCE CPTIONAL COMPUTATION OF EACH Y(I) 06000040
FCT, OUTP REMOVED FROM ARG LIST, THUS NO EXTERNAL STHT REQ) 00000050
PURPOSE 06000060
TO SOLVE A SYSTEM OF FIRST ORDER ORDINARY DIFFERENTIAL 00000070
EQUATICNS wITH GIVEN INITIAL VALUES, 00000080

. o 00000050

USAGE 000001 00
" CALL RKGSV {PRMT 4¥4DERY s NDIMy THL Fy FCT,OUTPyAUXsLY) 00000110
PARAMETERS FCT ANC OUTP REQUIRE AN EXTERNAL STATEMENT, 00000120

. , 00000130

DESCRIPTICN OF PARANETERS 000001 40
PRMT  ~ AN INPUT AND OUTPUT VECTOR wITH DIMENSION GREATER 00000150

: OR EQUAL TO S, WHICH SPECIFIES THE PARAMETERS OF 00000160

THE INTERVAL ANC OF ACCURACY AND WHICH SERVES FOR 00000170
COMMUNICATION BETWEEN OUTPUT SUBROUTINE { FURNISHED 00000180

BY THE USER) AND SUBROJTINE RKGS. EXCEPT PRMT(5) 00000160

THE COMPCNENTS ARE NOT CESTRGYEL BY SUBROUTINE 00000200

RKGS ANC THEY ARE 60000210

PRMT(1)~ LCWER BCUNG OF THE INTERVAL { INPUT), ' 00000220
PRMT(2)~ UFPER BCUNC OF THE INTERVAL { INPUT), 00000230
PRMT(3)= INTIAL INCREMENT OF THE INDEPENDENT VARTABLE 00000240
(INPUT) , , 00000250

PRMT{4)~ UPPER ERROR BCUND ( INPUT)e IF ABSOLUTE ERROR IS 00000260

: GREATER THAN PRMT(4), INCREMENT GETS HALVED. 03000270
IF INCREMENT IS LESS THAN PRMT( 3) AND ABSOLUTE  —00000280

ERROR LESS THAN PRMT(4)/50, INCREMENT GETS DIUBLED.00000290

THE USER MAY CHANGE PRMT{4) BY MEANS OF HIS 00000300

. OUTPUT SUBROUT INE. 00000310

PRMT(S)~ NC INPUT PARAMETER. SUBROUTINE RKGS INITIALIZES 00000320
PRMT(51=0. IF THE USER WANTS TO TERMINATE 00000330

SUBROUT INE RKGS AT ANY.OUTPUT POINT, HE HAS TO 000003 40

CHANGE PRMT{5) TC NON-Z ERG BY MEANS OF SUBROUTINE 00000350

QUTP. FURTHER COMPONENTS OF VECTOR PRMT ARE 00000360

FEASIBLE IF ITS DIMENSION IS DEFINED GREATER 030003790

THAN 5. HOWEVER SUBROUT INE RKGS DOES NOT REQUIRE 02000380

., AND CHANGE THEM, NEVERT HELESS THEY MAY BE USEFUL 00000390
. FCR HANCING RESULT VALUES TO THE MAIN PROGRAM 00000400
' {CALLING RKGS) WHICH ARE DBTAINEC BY SPECIAL 302004190
MANIPULATICNS WITH GUTPUT DATA IN SUBROUTINE QUTP. 00000420

Y ~ INPUT VECTOR CF INITIAL VALUES. (DESTROYED) 00060430
LATERON Y IS THE RESULT ING VECTOR OF DEPENDENT 00000440

VARIABLES CCMPUTED AT INTERMEDIATE POINTS X. 00000450

DERY — INPUT VECTCR CF ERROR WEIGHTS. (DESTROYED) -~ 00000460
THE SUM CF ITS COMPONENTS MUST BE EQUAL TO 1. 00300470

LATERCN CERY IS THE VECTOR OF DERIVATIVES, WHICH 0000048

BELONG TO FUNCTION VALUES ¥ AT A POINT X. 0C000450

NDIM  ~ AN INPUT VALUE, WHICH SPECIFIES THE NUMBER OF 00300500
EGUATICNS IN THE SYSTEM, 00000510

IHLE  ~ AN OUTPUT VALUE, WHICH SPECIFIES THE NUMBER OF 00000520
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BISECTICNS OF THE INITIAL INCREMENT. IF IHLF GETS
GREATER THAN 10, SUBROUTINE RKGS RETURNS WITH
ERROR: MESSAGE IMLF=11 INTO MAIN PROGRAM, ERROR
MESSAGE IHLF=12 OR IHLF=13 APPEARS IN CASE

00600530

000800540
00000550
00000560

PRMT{3)=0 CR IN CASE SIGNI{PRMT{ 3} )NE.SIGN{PRMT{2)~00000570

PRMT{1)) RESPECTIVELY,.

FCY —~ THE NAME OF AN EXTERNAL SUBROUTINE USED. THIS
SUBROUT INE COMPUTES THE RIGHT HAND SIDES DERY OF
THE SYSTEM TO GIVEN VALUES X AND Y. ITS PARAMETER
LIST MUST BE X,Y,DERY,LY SUBROUTINE fCT SHOULD
NCT DESTROY X ANC Y.,

auTp ~ THE NAME OF AN EXTERNAL OUTPUT SUBRCUTINE USED.

00000580
00000550
00000600
00000610
00000620
00000630
00000640

ITS PARAMETER LIST MUST BE XquCERY:IHLF.NDIM PRMT Q0000650

Ly
NCNE OF THESE PARAMETERS (EXCEPT, IF NECESSARY:
PRMT (4} +PRMT (5 )seea} SHOULD BE CHANGED BY

00000660
Q3000670
00000680

SUBROUTINE DUTP. IF PRMTI{5) IS CHANGED TO NON-ZERD,»00000650

SUBROUTINE RKGS IS TERMINATED.

AuXx —~ AN AUXILIARY STCRAGE ARRAY WITH 8 ROWS AND NDIM
CCLUMNS .

LY LCGICAL ARRAY, IFaTRUE. CORRESPONLCING Y( 1)

IS CALCULATED

’,

RE MARKS

THE PROCEDURE TERPFINATES AND RETURNS TO CALL ING PROGRAﬂ. IF

{1} MORE THAN 10 BISECTIONS OF THE INITIAL INCREMENT ARE
NECESS ARY TO GET SATISFACTORY ACCURACY { ERROR ME SSAGE
IHLF=11),

(2) INITIAL INCREMENT IS EQUAL TC O OR HAS WRONG SIGN
(ERRCR MESSAGES [HLF=12 OR [HLF=13),

€3) THE WHCLE INTEGRAYICN INTERV AL IS WORKED THROUGH,.

{4} SUBROQUTINE OUTP HAS CHANGED PRMT{5}) T0 NON-ZERQ.

SUBROUTINES AND FUNCTICN SUBPROGRAMS REQUIRED

THE EXTERNAL SUBRCUTINES FCT(X,Y,DERY) AND
OUTP (XsYoDERYSTHLF,NDINM, FRMT ) MUST BE FURNISHED BY THE USER.

METHOD

EVALUATICN IS DONE BY MEANS OF FCURTH ORDER RUNGE~-KUTTA
FORVMULAE IN THE VMCDIFICATION DUE TO GILL. ACCURACY IS
TESTED CCMPARING THE RESULYS OF THE PROCECURE WITH SINGLE
AND DOUBLE INCREMENT.

SUBROUTINE RKGS AUTCHMATICALLY ADJUSTS THE INCREMENT DURING
THE WHOLE COMPUTATICN BY FALVING OR- BDUBL ING. IF MORE THAN
10 BISECTICNS OF THE IMCREMENT ARE NECESSARY TO GET
‘SATISFACTCRY ACCURACY, THE SUBROUTINE RETURNS WITH

ERRCR MESSAGE IHLF=11 INTC MAIN PROGRAM.

TO GET FULL FLEXIBILITY IN OUTPUT, AN OUTPUT SUBROUTINE
MUST BE FURNISHEC BY THE USER,

FGR REFERENCE, SEE

RALSTON/ WILF, MATHEMAT ICAL METHODS FOR DIGITAL COMPUTERS,
WILEYy NEW YORK/ LCNDON, 1969, PP.110-1290,
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100

(N gl OO

[gXeNal

iL0

120

130
140
150

160

170
180

SUBROUTINE RKGSV(PRMT,Y,DERYTACIM;IHLF,FCT,OUTP,AUX.LY)

DIMENSION Y{1) +DERY(1) sAUX{(821),A04),B(4),C{4)PRMT(1)

LOGICAL LY(1)

DO 100 I=1,NCIV
AUX(8,1)=406666667*%DERY (1)
X=PRMT{L) . ,
XEND=PRMT(2)

H=PRMT (3}

PRMT(5) =0,

CALL FCT(XsY,DERY,LY,NCIM)

ERROR TEST
IF (H= (XEND=-X) 147 0,460,110

PREPARATIONS FOR RUNGE-KUTTA METHOD

A{l}=,5 -

A(2)=,2928932
A{3)=1.707107

Al4)=,1666667

B{li=2e

B(2) =1,

B{31=1.

B{4) =2,

Cll)=.5

C(2)=,2928932

C{3)=1.707107

C{4)=45 '

PREPARATIONS OF FIRST RUNGE-KUTTA STEP
DO 120 I=1,NDIN¥
IF(.NOT-LY(I)}} GC TQ 120
AUX(LI¥=YL(I)} . .
AUX{2+1)=DERY{I}
AUX{(3,1)=0.

AUX{6,1)=0,

CONTINUE

[REC=0

H=He¢H

THLF=-1

ISTEP=0

IEND=0

START QF A RUNGE~KUTTA STEP
IFL{X+H—XEND) #H} 160+150,140
H=XEND~-X

IEND=1

RECORDING OF INITIAL VALUES CF THIS STEP
CALL CUTP{XyY4CERY,IREC,NDIMyPRMT, LY
IF(PRMT(5}1490+170+490

ITEST=0

I STEP=ISTEP+1
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190

200
210

220
230

240

250

26Q

270

280

290
300

310

320

'START OF INNERMGST RUNGE-KUTTA LODP

J=1
Ad=AadJ)
8J=B(J)
CJ=C (J)
DO 200 I=1,NOIM
IF(.NOTaLY{I)) GC TO 200
RI=H*DERY(1}
R2=AJ%={R1-BJI*AUX(6,1))
Y{L)}=Y(1)+R2
R2=R2+R2+R2 )
AUX{6 41 )=AUX(6 1) +R2-CI*R]
CONTINUE

IF(J~4)210:240 240

J=Jrl

IF{J~—~ 3)2207230,220

X=X+, 5%H
CALL FCT(X,YsDERYsLYJNCIN)
‘G0 TO 190 .
END OF INNERNMCST RUNGE-KUTTA LGCP
TEST OF ACCURACY

IF{ITEST) 25092504290

IN CASE ITEST=0 THERE IS NO POSSIBILITY FOR TESTING OF ACCURACY
DO 260 [=1,NOINM :

IFILY(I))AUX{441) = Y1)
CONTINUE

ITEST=]

[ STEP=I STEP+ISTEP-2

THLF=1HLF+1

X=X~H
H=45%H .
DO 280 I=1,NDIM

IF{. NOT.LY{I)) GC TO 280

YL} =AUX(1,1)

DERY (1) =AUX(2,1)
AUX(6 1) =AUX{3,1)
CONTI NUE

GO T0 180

IN CASE ITEST=1 TESTING OF ACCURACY IS POSSIBLE
IMOD=1STEP/2

IF{TSTEP-I MOC-TMCDY 200°,320%300
CALL FCTUIXsY ,DERY,LY oNDIV)

DO 310 I=1,NDIV

IF(.NOT.LY(I)) GC TO 310
AUX(5,1)=Y(1}

AUX(T+11= DERY(I)

CONTI NUE ,

GO YO 180

COMPUTATION OF TEST VALUE DELY
DELT=0.

00 330 I=1,NCIVM

IF{. NOTsLY{I}) GC TO 330
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[

330

340
350

360

370

380

360

400

410

420

430
440

45C
460
470
480

450

DELT=DELT#AUX{(8,I)%ABS {AUX{4,1)-Y (1))
CONTINUE
IFIDELT-PRMT(4))3704+370,340

ERROR IS TOO GREAT
IF{IHLF-10)350,450,450

DO 360 [=14NDINM
IF(LY{I 1 )AUXT4 1 )=AUX(5,1)
C ONTINUE

I STEP=I STEP+ISTEP~4

X=X~H

TEND=0

GO 70 270

RESULT VALUES ARE GOGOD
CALL FCTU{X,Y DERY,LYADIN)
DO 380 1=1,NCI¥
IF(4NOT.LY{I)) GC TO 380
AUX(L,1)=Y(1)

AUX(2 +13=DERY{I)
AUX(3 1) =AUX {6 ,1)
Y(I)=AUXTS,1)
DERY(I}=AUX(T+1)

CONTINUE

CALL QUTP{X-H,YsCERY ¢IHLF,NDIN, PRMT,LY}

IF{PRMT{511499,390,490
DO 400 I=1,NDINM :
IFL.NOTLLY(I))} GC TO 400
Y{I)=AUX{1l,1}
DERY(T1}=AUX(2,1)
CONTINUE

IREC=IHLF
IFCIENDI410,410,480

’

INCREMENY GETS DCUBLED
IHLF=IHLF~1 '
ISTEP=ISTEP/2

H=H+H

IF(IHLF)130,420,420

1 MOD=I STEP/2
IF{ISTEP-IMOC-IMCD)IL130,430,130
IF(DELT=.02%PRIMT (4) ) 44044404130
IHLF=IHLF~1

I STEP=ISTEP/2

H=H+H |

G0 T0 130

RETURNS TG CALLING PRCCRAM

THLF =11

CALL FCTEXsY+DERYSLY NCIM)

GO TO 480

IHLF =12

GO TGO 480

THLF=13 -
CALL CUTP (X, YsDERYITHLF,NDIM; PRMT,LY)

RE TURN
END
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SUBROUTINE SUNMCDE(AQ PHI#NST 24 AXsN)

MODAL SUMMATION NSTA=CIMENS ICN NX=NO OF STATIONS
J=N
A(T) = SUMIQUII*PHI( L, J))

REAL A(1) ,G(1) ,PHI(NSTA,1)
D010 I=1,NX

A(L)=0. .

DO 10 J=1.N

10 ACL)=A{L)+Q(J)#PHI (1+4)

RE TURN
END
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ROTOR--SYET EM~1 DE NPT NCOMPL-ETE -MD DEL-
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i

e e s e e INPUT Bl
—r : coL |
~413-—HEADING ol 101y Q-0—FERST- DRMMGRMA#~RUN-w£Ekw4NP{H*~Mw«-~*

1 REPLACE MQODES ~ INPUT 394,53
2 ADD MODES -~ INPUT 455

8 NEd DOP CODE ONLY - INPUT 5
9 END OF RUN - LAST CARD OF RUN

N

102 «EQ.1 PRINTS ORTHO CHECKS -

: : 2 AND MORMALIZES M3IDES v
NOT-E~-MODES—ARE-REPLACED
AFT ER INPUT AND AFTER
RANDOM ERRORS.

3 1C3 .NE.0 PRINTS EQS FOR MASS IDENT

b

e 1 aNEwﬂwwRESTORESW{NPUTdeDESr"IF~¥GiuEQ»S —

nnhnnnnnﬁnnnnnnnnhnnnnn

5-80 ARBITRARY HEADING HEAD{ 193

ol
e 123 MASS DATA - ome CARD PER BLADE STATIDN 20 MAX
[V E
S . -w~1~a0~wx4{} ST AT-ION -
(W 11 * {SEE NOTE?S wm
o 1220 M - LUMPED MASS
G 2% #-{SEE-NOVE}IUE -
R 22-30 E ~ CG OFFSET FROM EA 4+ WHEN CG FDRWARD
¢ 31 % {SEE NOTE} WY
o e B sy G T o PTG H- AN GL E-—-RAD
41 % {SEE NOTE} MWK

' 42-50 KM . RADIUS OF GYRATION IN TORSION

% 1ST COL OF EACH WORD CONTAINS WEIGHTING FACTIR
FRGM 1-9 10=1) HIGHER VALUE INDICATES GREATER COMFIDENCE
-SEE-1O0L—=-3-—HOL - :

END WITH BLANK CARD

{3} CONTROL CARD - MODES

10— AN MILT I PL T ES~I~P -MODE- DEFL—{-0=1 )
11-20 CALW  MJLTIPLIES O-P MODE DEFL (0=1)
21-30 CALP  MJLTIPLIES TOR WODE DEFL (0=1)
3§ O THO ——R OO TP 17 C H-ANGL Errm R ADerem e

ADDS T8 TH - £TH NOT CHANGED)

ﬂﬁ\"ﬁﬁﬁi"fﬂﬂ("&ﬂﬁi?ﬁﬁ(’)ﬁﬁ?
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S o O G S SO

c

c {4) MODES =~ STATIONS CORRESPOND TO MASS DATA
[N (A SO e et et e et R .

" ' EACH MODE 1- 13 FREQ  NATURAL s RAD/SEC

c ' : 11-20 COMEG  ROTATIONALs RAD/SEC
OO o S e e s e -2 B0 JF o NE o 0. TEMPORARILY. REPL ACFS . CALY

31-40 IF oNE. O TEMPORARILY REPLACES CALW
41-50- IF oNEo O TEMPORARILY REPLACES CALP

) NEXT CDS V I-P DISPLACEMENTS, 8F10. UP TO 3 CARDS
NEXT CDS W O-P START 2V NEW CD
S NEXT-CD S P T OR-

FOLLOW BY NEXT MODE - B MODES MAX AT ONE OMEG

e ~16-MODES—MAX-—AT- ALL-OMEG
#&E 30 EQS MAX {(NOT INCL INVARIANCES) #%%

SEESERUS— - ¢ I & S § .S XU oF -y IA—

(5) OPERATION CODES COL 1,2 101,102

- COL- 1 T 0%t .

1 MDD!5YMMGDEst{IHmRﬁNQDMwERRGRSfW#MMDDESwREPbAGED

WD1  PERCENT RANDOM + OR - RECTANGULAR DISTY

W,WQMWWLMWMHWMWWwUWDZ CPERCENT BIAS — e S e e e
WD3 INTEGER SEEB TO S?ART RANDGM SEQUENCE

ARt L L E R N N R N R R R e R s R RN SRR N o R R

e e s o e e - R85 FOLLOW-BY. NEXT- OPERAT 10N CARD-£.5) sk,

c . ‘ ‘

c 2 SOLVE FOR MINIMUM MODAL CHANGES — MASS MATR IX UNCHANGED
SR e C —_— S e e -

c ALL MCDES MUST BE AT SAME OMEGA ~ B MAX

¢ FIRST MODE UNCHANGED», LAST MODE WILL CHANGE MJST -

c e e MTNT MUM-SUM-.PERCENT - CHANGES~USED

c WEIGHTING FACTORS NOT USED IN THIS OPT IOV

c .
e e Dt e« - WDL 0 EQy O - NG LIMIT-ON CHANGES --—oem .

c WOloEQel LIMIT CHANGES ~ SCALE OPYION

c WD2~8 MAX PCT CHANGE ALLOWED IN EACH MODE. :

c CHANGES -ARE~SCALED- S O--MAX-—~GHANGE—n b Eo- M AX EMUM-— oo

c 0 INDICATES NO LIMIT, -

c .
e e e e Dyt e WiDh e EQa 2 LTYMIT CHANGES -+ T RUNCATE 0P TION o mee e

c WD2~8 SAME AS FOR SCALE OPTIONEXCEPT THAT ONLY

c CHANGES WHICH EXCEDE LIMITS ARE TRUNCATED.
S reem-OTHER  CHANGES-ARE NOT--MODIFIED- -

; ,

c
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WD1.EQ.1 WEIGHTING FACTORS ALL SET T0O 1 {TEMP)

e 3 T NG OMP MODE L MAS S € HANG ES - < vomrmem e omom = e e o oo e

i o e 4

HDlvEQsmeSTQSwHITH~{NVAREANT~P§RAM»““REABWS£&3

THE FOLLOWING CONTROLS CAUSE THE CORRESPONDING

PROPERTIES ¥0 REMAIN--INVARIANT -~ IFoNEw—0a

COL 20 TOTAL MASS M
30—RADIAL-CG M

40 CHORDWISE CG M%E. '
50 FLAPPING MOM OF INERT M 2

i

}

H
fwr:n¢wrvra?c1r1ncwr3m

;

e 60 —-FEATHER ENG--MOM- -OF- -1 NERT Mt

o202

0 ABOVE DPER&T{QNS DO NOT DISTURBE ORIGINAL DATA

1 ABOVE UPERA?{QNS REPLACE ORIGINAL DATA IN PREPERATION
' FOR SEQUENTIAL OPERAT IONS

{5A) ‘  USED ONLY FOR INVAR STASo “SEE 3+ABOVE, WDl = 2

H
§
i
H
i
I
[

(0Ll = NO OF STATIONS !8 MAX)
WD1sWD243»0.5STATION NUMBERS, NO ZEROES

MfXT HEADING CARD

ORI IO OOOOOOOO OO0

i
;
|
|
1
!
¢

cC *‘-’k*4‘#&-**2’#**#*$‘4ﬂ$*‘5#***i‘*‘é‘i”o&*v?#?{&#:&#*a“k‘«‘{\*&$"‘#*$"’%$##’?# e ok ook R R i ok g feokk
G % e dencoen Dok dedook Jogok Yo d oo e e o ol kg ke ok ek ok dol ool Ssoiok fednok ok fofoRd R Bokok R ok ok &
e 3 L e TN TE GE R HEA01193vIRDW44639§COL§46) - -
4302 INTEGER 1JEQ{40,2)
3133 INTEGER NIN{8)
B I L ~REAL - X¥219sHM{ZO?vF!Zl)yHE(2G)vEfZl)yﬂY(ZQ)wTHiZiéaﬂK{2999(M§2;uw
l OMEG(L6) FREQIL6) » V{16,201 ,W{16+203-,P{16520)
3335 REAL DUMIB)v2{16420),4H2{16,203s P2{ 16,200 MEL20) MET{203,MK120},
AL 60T o PHT {08986 0 971 9 LAT5B 39D IT 58 3o W ORKA-F4-82
3336 REAL WOR{6 0} ,HOLT)
3337 ' REAL SMASbQié%gOrHﬁﬁxiléqlﬁi . B ~ ,
e G BB i i i REAL-E Q{35 3803 s MAL80 39 WATBO) oo v momm s e ———
909 REAL MZ(ZO);EZ120!QYHZaZO}7KM2(2039ME242039%ETZ!20)3
1 MK2{20}, SM{5}
mimrdd e e st RE ALV SAY 1 16 92 0} US AV L6 9 203 PSAVELS2 0 ,
4311 "REAL - WV{80) ,DM{80}, AHAL35 363, AWAT{35,363,DdA135:36) - 7~
J2le 1 READ 10C0001IC1.IC2,IC3,IC%4,HEAD -
G 3 A3 im e L 00 0- FORMATH{SIL 1948}~ o v o -
Jils IF{ICLL,EQa9) CALL EXIT
2315 PRINT 1001 IC1,I1C2,1C3,1C04+HEAD
3 3 G e LB - F ORMAT 43 HL 51 0OX 5 1 004 IHE} o
1 F20X,58HROTOR SYSTEM IDENT IFICATION PROGRAM ROTSI

2 1719777 F710Xe412519A47/7 30X 100 TIHEIF /)

-
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s

IF{IC1-EQ.1}—GD. TO-25

(RS- 10 1 i 0N
33183 IF{IC1.FQ.2) GO 7O 29
3319 IFLICT £ Qs 8.AND. 1C45 EQe0) 6O TO 100
3523 FFALICL-E Q-0 -50-T0-9
3321 DO 5 I=] NX
3322 DG 5 J=1,NM
——e b Vi I3 =VSA YL J9 1
3324 WiJs I3 =WSAVIJ. 1)
2325 5 P{Jds131=PSAVII, 1)
N 7% PRINT--I006 -
23217 1006 FORMAT &//10%331H**# GRIGINAL MODES RESTORED #%% 773
3328 GO TO 100 ' , _
i3 2 5 NX=0
3330 DO 10 I=1,21
3331 , READ 1005, X41) oI MyM{T} oTE,E(1d, ITafH(IquKaKﬁilé
3332 1005 FORMATAFE 10D o441 1.3 ,F9: 033
J333 IF{M{13.EQ.D) GO YO 20
44 3% NX=NX+1 : .
3335 WHLL-3=AMAXOE 1+ 1)
3236 HE{I }=AMAXOIL,IF)
2337 NTiI#»AMA 011,17}
3338 30 WA I b=AMANO L »1 K
2339 ~ CALL ERR{10,0} ' - R
3340 20 PRINT IGIGw(XsX(I)gHH(I@gMiI)gWEiI},E{I)gwfiiéqTHIZ)eHKiIA»KMiIJ; o
1l =1 o M3
3341 1010 FORMAT {10X,90H1 STA " W M %] E
1 W ™ W KM 7{10X,0P 12:Fl1l2.3 ,
2—b QR F80 09 PR 253 )13 S S —— : -
3342 25 READ 1015, CALV,CALW,CALP, ?HO
3343 1015 FORMAT (8F10.,0} ' :
IO oo i e e N 2 2 AN K
3345 N3=3%NX ,
J)46 Ne=4%NX :
S, % V% IFACAL V. EQnO}—CALY-=. 1
3348 IFICALW.EQ.O) CALY = 1}
3349 IFICALP-EQ.Q) CALP = 1 ,
e I3 BB PRIN T 1 0169 THO : : '
2351 1016 FORMAT {//10X22HROOT PITCH ANGLE (ADDS TO TH) = - 1PE12.3/ 1HL,
1 10X2254 INPUT MODES QCARD IMAGES ) I
3152 —~NH=0
3353 PRINT 1017 jCALY,CALW»C AL?aTHO
3154 1017 FORMAT {/10X:8F12.5) '
2355. e 29 IFLIC L 0EQa-2) - PRINT 1019 .
31546 1019 FORMAT {1H1,10X,27THADDED MODES CARD I{MAGES 77}
3357 ‘ 30 READ 1 015:F»3,CY:CHLCP
3358 : PRIMNT-10L.79F 00, CVaClLLP
3359 IF{F.EQo0.AND: s EQa 0} GO TQ 70
3360 NM=NMF ]
316} FREQI{NM)=F__.
2362 OMEG {NHM) =0
3163 READ L0155 dVINMaT) 9I=1 oNX)
SR W 7YY CPRINT-I0L8p{VINM, I ) Ix L NK) N—
3365 1018 FORMAT {10X.8F12.5)
0366 READ 1015, {W{NMzI)1=1NX}
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NI 7 7% SN
Jo68
V63

USSRy 2% B 7 WSS

PRINT 101820 WINMI) gI= 3 g NX Jowrmmmmm mmoiime o oo ommoe o on | on e e e ot mev e e e et
READ 1015, {PINM;1),1=1 ¢NX) :

PRINT 1018 {P{NMs1),I=1.NX)
s IFANMaGTal 6 CALL ERR{40 501w

Ba71

SRR 74 1 o IS —

go73
0aTe

S I¢ B 8. S,

0076
0377

NN T ¥ 7 S

- 00719
3J 80

Y B B

Jl8e
JJ183

e DO Bl

0085
33386

SRNEEGIN 14 1 3 SNSRI ENS
ap88 .

Q989

Da9u
JJa9ol

e 3 ID 2

0093

Q9%

DU, Y) X - 1 SUU U

0026
0JI97

S % ¥ + F:

e

C
IF(CV.EQ.0)} CV=CALV

IF{CP.EQ.O) CP=CALP
I=NM

DO 45 J=1,NX
45 VY{lsJdi=vil vJ}*CV
i o 3O IR (O W2 EQel G0
00 55 J=1l.NX ,

55 WII 3J) =Wl ¢J3%CH

e QL FLL P -y EQola GO

B0 65 J=1sNX
65 Pl J) =PI ,J)%CP

T0 DO 41 I=1,NX

DO 41 J=1,NM
rmeereme e M SAV {d B 3=V {dp T )

e IFAC M2 EQe0) CH=CALUW- -~

IFACY ~eEQule}GO TO-50

T0-60

GO TO B0 e e oo

APPLY CALIBRATION

i Jg TE- ¥, NN, ) e s e e e e e 8 e e e

WSAV I o1 =U{J, 1)
41 PSAV{IL1d= P(J»I)

PRINT 1020

1020 FORMAT {1H1//50X.31HINPUT
e e G AL L~ P-MODE S-4 Xo V g Wy Py OMEG, FREQy NMy NKy 163 -

90 AM =0
AME =0 . :
e AMETE0 e e
AMK =0
SM{2)1=0

-meem PRINT—-MODES e -

CSMA 3D Q- e e i i e e e e s e e

MODE SHAPES {CAL APPL!ED) 3

3299 SM{4)=0
9100 DO 95 I=1,4NX
— 3101 - - e MELT )= METFEE LT ] o s i T e & e T e e e
o102 MET{1)= ME(I)*{TH{I)*THO)
0103 MK(I) = M{IYHKMLTY &%
3104 e e A M m A MEMLL Y e e : e s T
0105 SM{23»5M12}+H113*X§13
D106 SM{3)=5MI3)+MELT])
e J RO T i e e ML G Y = SMA G J R ML ) UL 3 B 2 i e -~ e it
0los AME = AME +ABS{ME{I))
0109 AMET = AMET+ABSIMET(I))
3llu e 95 -AMK. = -AMK+MK{T }- i
0111 SM{1} =AM
. 2112 SM{5)=AMK )
e 3L BB i e AW B AMINX e e e s - R — ~ e e e o e ——
Gilis AME = AME/NX
3115 AMET = AMET/NX
wrmmreee G B s CAMEK = AMKS NK e e e S e
0117 IF{AM LEQ.0) CALL ERR(?S;O!
Jils iF(AMK EQoO) CALL ERR{9% OB.
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NI Y15 - TUUUNUNNIUIUE § -3 (F £ o8- 300 -3« AR ¢ ) DO ¢ s N0 a1 5 1o YO PSR

2120 PRINT 1031 .
ui2l 1031 FORMAT {1H1/7/30X25HINPUT ORTHOGONALITY CHECK /7))
ISR 5 U b7 S ORI 4 .9 Ny W g ¥ -5 8 ¥ | V.Q-H P o MaME G MET o MK s KM NX 2156 s CMASS o QCHELK - 1641023
0123 IF {10 2.EQ.2) PRINY 1032
uld4 1032 FORMAT {&0X y42H%%% MODES REPLACED BY NORMALIZ £0 MODES %%  //}
2325 IFLIC2.EQe23 - CALL-PMODES A X5V e PrOMEG,EREQs NMo NX 2 16)
Di26 IF(ICZ EQs 2. ANDT01NEL1Y} 1IC2=1
£ READ PROGRAM OPT IONS
i -2 F. 100.-READ-10355101-,102,0UH
2128 1035 FORMAT{211,F8,0:7F10:0)
aL29 GO TO (1104200,500,130),101
r . . X
c FOR 101=1
c : ' : ,
G WD 1=UNIFOR ML Y--DISTRIBUTED-RANDOM-ERROR--HAVLING--A
C +/- MAXIMUM OQF PCT ON AMPLITJOOE
G HD2=BI1AS ERROR (OF PCT8 ON AMPLITUDE [ S
G 1.2 -1 S-USED—IN-CALCULAT I NG~ AN-INT-EGER-RANDCM--NUMBER - e
c USED IN SUBROUTINE RANDU '
C
RIS ¢ B 15 WRIIU———— 110 4D L=DUMLL) 2100,
ui3l WD2=DUM{2} 7100,
23132 1Z=DUM{3)
3133 {R=12% 2% -
5134 C CALL ERRAL V,oWDY ;D2 s NXoNM;1X,186 )
0135 . CALL ERRA{ #,WDL ,WD2 NXoNMsIX,16 }
e i b B s et s f B b b ~E-RR AL~ P g WD -2 WD2 o NX-o NM 5 1 % 516D
0137 PRINT 2050, DUML1},DUMIL2} 212
0138 2050 FORMAT {/77//730X,2 7H®¥% RANDOM ERROR OPT ION %=%% ’ .
Lo et IB3 X o LOHPCT ERROR=9FT.03 95X 9 L1 HB LAS—-ERROR =5 FT4-2+-8%s :
21 5HRANDOM NO SEED=,1107)
2139 IF{IC2.NE. OICALL ORTHIV ;W Py MyME, ﬁETfMKqNM»NX?lﬁ,GMASSqUCHECK@lfn
1 1.C2) s
0140 . PRINT 1036 '
0il4l 1036 FORMAT {/7740%, 43H*%xx% MGDES REPLACED BY MODES WITH ERRORS %%k /)
U - IFLIC2 0E Qo 23 -PRINT-1032-~ - e -
0443 IF{IC2.EQ.2} IL2=1
31449 calLL PMODE 54 XrV1WQP!CFEGyFREQvNM?NXV16 3
iDL A S e G0--T0-1.00
0l 46 130 CALL ERR{130,0)
. c
—C CORRECT. .MODES._ONLY e ~~--IG3.—---2
c 5
C ORIGINAL MODES UNDISTURBED
C CORRECTED. MODES-IN.V2,W2.P2
G CHECK FREQUENCIES, MODES
0147 260 PRINT 10490 N
3148 RN, 1040 FORMAT {1HL 330X 1 BHMODE - CHANGE OPTION. 230X, 2 6HPERCENTAGE CHANGES - e
VoW P} F720XeL6HMODE 1 UNCHANGED 3}
2149 IFIDUM{1).EQ.1) PRINTIO&L3
PRSI 1Y ~IEADUMAL o EQe2)- PRINTL 044 -
0151 1043 FORMAT {20 X231 HLIMIT OPTION -~ SCALED )
0152 1044 FORMAT {20X,24HLIMIT OPTION - TRUNCATED )

<.
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Eiin

e 3 BB e JE - NM o G T 8- CALL-ERRAZOD 30 ) e o o - e
4154 OM=0MEG{L)
3155 DO 210 1=2 g NM
e 4 5B e i e e R B ME G T3 o NEs DM )G ALLERR{2-10-90)
i 57 210 CONTINMUE -
c ] : . CHANGED MODE IN V2442082

P P S, B e FA1RST--MODE-UNCHANGED -

J1538 DO 220 I=]:NX .
2159 V2{laI)=V{1,1)}

e - ¥ S 2 T TS oy EI7E 1 B 55 . e
3161 220 P2(1,13=P11,1) ) , :
Jl62 : : N=1 '

~mw~-mnnm-mmm~~0~_-«ww«»»m»uww»-uwm~wFDRmm—AwuﬁlwIH‘»CBLJMNM~_w~ﬁ~ISwCDMPRES e
J163 250 Ml=N
Ji64% ‘ N=N¢1 - :

e 3L BB e e e DB 260 - T-=h g N X O
2166 AlIsML} = MITIRV2IMI T 3=METII %P 2{ML.1)

167 AINX+T oMLY = M{IDIHW2Z{ML 104MES 1) %p2{M1,1}
e B oY, AP 260 - AINZ2+T M1} = ~meTi{}*v2§Viyl}#MﬁiliéwaiMlqI&»MK413¢P2(M19I%~mw~u—»~““mmw~“
C FORM  COMPRESSED M TH MODE
J169 DO 270 1=l oNX
Y 24 B — PHILI }=- VN, L}
17 PHIINA+T] = W{N,1)
JLT72 270 PHI{N2+1) = P{hyli 5 :
SRR 5 SN, e D280 1= 11;\53 - 5 : : i
3l74 DO 280 J = 1lgMl . :
175 280 B{I,J) = PHI{I)*A{1l .4}
e L~ e G B B ETRAN Fo- B B ML XM L)
al76 DO 290 1 = 1 ,ML ‘ : : )
JLIT7 DO 290 J = 1.,M}

WNJLT&..,.W O N { I 3 I 3 U ¢ SR — .
3179 DO 290 L = 1,MN3
3180 290 Cilod) = CHis 3} +B{L,1)%B{L,3)

e ey e 3 e e e+ e e e i e neneions §, IR R o -G-1 NT- 0 - - -

alalc IFIMlI-NELL) GO 70O 300
2582 Di1,1) = 1.0/C41,1)
e 3 b BB i GO ST B0 e e S
Ji84 300 CALL INVRS {(, Ml,D,WORKgIRGwaICOL.?:B)
C A{TRAN} * PHI
2185 --3+0-DO-320-1-=-1.,M
J186 WOR{I} =0
187 DO 320 J = 1:N3 ]
: c~-320 -HOR{ L b= WOR{II+ AL, T)EPHTLYY
J189 CALL MXY (%00, WOR MLy #L,7:0)
4190 CALL MXV {WOR BoWO,N33¥14560,0)
[ e =y e E— HORW—*~WFRQ£TEGNAb»GHANGE«{N«EACHvEbEMLv
C , PRINT PERCENT CHANGES
3191 EMAX = 0 . -
$192- e PG - 330 -1 =1 9 N3 e -
JL93 WORI{I) = ~WOR{T)*100.
J194 330 EMAX = AMAXLI {EMAX,ABSAHWOR{I))}

3 b DD e e e PRINT- 1050 o NEMA X oo
2196 1050 FORMAT (/20X,5HMODE 12,10HMAX CHANGE F£8.,1)

2197 {F{OUM{1}.EQs0} GO 70331
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98-

—IFADUMIN) o-NEo0) - PRENT--1 0515 DUM (N}

J199 1051 FORMAT (45X;18HMAX ALLCWED CHANGE  F6.2)
4209 PRINT 1055 ¢{WORII) o I=1 4NX3
NPt Li—=-NX+1
2202 I3 = N2+1 .
3203 PRINT 1055 ,{W0ORI{1) ,I=11 4N2)
320% e A OB 5 FORMAT L L4 2.0X01.0F1 003 )}t
3205 PRINT 1055 p{WORI{I} ;I=134A3)
3206 331 TEMP = , 01
3227 e —EFADUM L1} £Q,0)-60-10-235
3208 IF {DUM{N) > EQs Os ORo EMAXo LE,DUM{N) } GO TO 335
3209 IF(DUMIL).EQe2.)6G0 TO 342 .
3210 TEMP--=—o- QL 2DUMI N} LEMAX~ ‘
J:11 335 DO 340 I = 1 N3
3ét2 340 PHI(I) = PHI(I)*(lo*TEMP*WGRilba
3213 G0 T0-349.
3214 342 DO 345 1=1,N3 S , RS e
3215 O IF{HOR {13eGT.0) WORII)=A MiNliWGRi!)vﬁdMiN5§ Tg@,r
3216 S IF{WOR {130 LTo 0} ~HORATI=AMAXL AN ORA L )9 ~DUME N
32117 345 PHICI) =PHI{I)%*{1.+TEMP®WOR(14}
3218 349 DO350 1= 1 4NX
3419 M2 AN LY PHT L L)
3229 W2{N,T) = PHIINX+1)
3221 350 P2{N,1) = PHI{N2+I}
3222 .- IFANL-ToNM)-G0-T0-250
3225 355 PRINT 1060
J224 1060 FORMAT {1H1 7/ 30X.15HCORRECTED MODES /)
3¢25 e A o2 MODE-S - !XyVZvﬂZ7?210MEG?F%59VNM?N%V16‘
1226 370 IF (IC2.EQ.0) GO 70 1 ; ,
2227 PRINT 1061 ' = o
3428 1061~FGRMATM(lﬂlfiaak?JGdCORQ£€¥FﬁvOR?HDGGN£L1T¥~£HECK 2R
3229 CALL ORTH (V2,02 P2 oMy ME S MET 5 MK NM,; NX, 165 GMASS, OCHECY, 16,10 2)
3230 IF {IC2.FQ.2) CALL PMGDEa {XoV29H2 P2y OMEGy FREQ, NM, MXy 1613
323} S— IF~{102.6Q.0}-60-T0-1 :
3232 DO 380 1=1,NX L
3233 DO 380 J=14NM
e VT M3 1 =V28 351
3235 W{Js 1) =W21Jdyl}
3236 380 PiJeI1=P2{.ds1) .
3237 PRINT--1065 TR s
3238 1065 FORMAT {//10XaTH®E% (RIG 1NAL DATA REPLACCD ev MDOIFIED DA?A Bk j,'
: H /73 ‘
3239 ~50-10.1 : - -
C - MASS ONMLY ST 101 = -3
c DRIGINAL MASS PARAMETERS UNDISTURBED
-C- CORRECTED-VALUES —IN-M2 o E2.o T H2, (M2
c SEY UP EQUAT ION PAIRS .
3240 500 NEQ = 0 : L _
J24%. - NSL=0.-
3242 NML = NM~-l
2243 DO 510 1 = 1,MMY
4244 —— U ¥ P oS |
2245 DO 510 J = I1,NM
2246

IF {OMEG{J3.NE-.QOHEG{I)) GO TO 510:
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Ft
53

32 8 T o - NE Q 2 ~NE Qi § s e e e e e e PSS

3248 TJEQINEQ,1) = [
2249 - LJEQINEQ.2} = J
e G mi e e 51 O-CONT TN UE
3251 : IF{NEQ.GT.30) CALL ERR{510,0) = - , ,
3252 _ PRINT 20004 1JEQLI 1) ,1JEQIIo2), I=1,NEQ) o R o
e 3283 e e 2 OO -FORMAT L 141930 X 9 1-8H MAS S -CHANGE - G?TION~»%/3Q%qZSHEQUA?&QN~PA%RS~4H3~~ww4-4—-M
IDE NDS) //110X,10117,143))
254 IF{DUM{1),EQsls) PRINT 1999
e 325 B L 999 F ORMAT - { /30K 43 THALL- HEiGH¥{NG~FACT9RSw$ETm?Gv%wiTEMﬂ‘ 3}
Je50 IF{NEQ.GTo N4} CALL ERR {511,0) Sl
3257 ‘ IF(DUMI{L).NEL 2,360 TO 5200 - b R D e R s T R
3258 w oo READ -1-997 s NS T 9 ANIN{-4 ) 9 J=14NSHD ' ‘ e - At e
_ 0259 1997 FORMAT {I1,19,7110) ' R : - V
J260 PRINT 1998 ,{NIN{J)sJ=1,NSI}
3261 1.998-FORMAT-{ 30 %52 BHNO-CHANGES—AT-- FQLLGH!NG~STASww/3oxr84zxr+a
' C SET up EQUATION COEFrECIENTS s ,
0262 " 520 D0 550 1 = 1,NEQ =
i3 2 6 B i =1 JEQ{I.1)}
3264 . 94 = TJEQIT.2) _
0265 : DO 550 J = 1,NX
J266 o EQ{H-93 3= VLT 19 15V L g P W1 T 3- D30 $-ddoad :
3261 L EQIToNXed) = WITI 3 2P {4 NI #W I, 0P 111,3) i
9268 EQUIgN2#J) = =VIIE5J)*P{JJod=ViJJed I¥PLIToJ)
3269 550-EQLT s N3+ =P AL 533 4P (D3 y-d)
0279 C D0 551 1=1,NEQ
0271 : 551 WY{1}=0. R
3272~ NUMMQ%E%@%%&J&% : e
0273 , PRINT 2001 ,SM{1) - ’ ‘f"[% R e
0274 . - 2001 FORMAT {30X,36HTOTAL MASS INVARIANT AT - e F10.3 3
0275 ' -~ NEQ=NE G+ 1 _ o e i —
02786 WVINEQ) =-SM{1) '
0277 DO 552 I=l,NX
0278 EQINEQ o1 ) ~=-150
0279 T EQINEQ4NX+I)} = 0,0
0280 EQ{NEQ.N2+1) = 0.0
028L w552 EQINEQ N3+ 1} 040
pz82 553 IF{DUM{3}.EQ.0) GO YD 555
0283 TEMP=SM{2) /SML1)
0284 ; , PRINT-20025—TEMP e - —
2285 2002 FORMAY {3 9x,36HRA01AL cc INVARIANT AT e F10.2 3
0286 ' NEQ=NEQ+1 - RS L
0287 WY ENEQ)==5 {23~
0288 DO 554 I=1,NX
0289 EQ{NEQsIJ = X{I}
——0290 EQINEQ ¢ NX+ T} ~=—050—-
; 0291 : EQINEQN2¢1} = 0.0
0292 ., 554 EQ{NEQ.N3#I} = 0,0 Co B 0 e T
3293 555 1F—(DUM{4] oF Qo0 GO ~T 055 T e e E— ' =
0294 TEMP = SM{3)/SMIL} :
0295 © PRINT 2003 ,TEMP
IZ9 b 2003 -F ORMAT— 30 X 4 B6HCHORDWE-SE~ GG»INVAR§ANFwAT««m~_~»~m"~wF}Oww )
0297 ‘ NEQ=NE Q+1

0293 } HVINEQ)=-SM(3)
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8299 e DO- 556 - =1 4 NX- ‘ SR

U300 EQINEQ+I) = Go 0 : \
05901 EQINEQsNX+I) = 1.0 - . : , ‘
e 3 30 2 s e EQ A NEG g N2#- T Yo D 0 O
3303 556 EQ{NEQ,N3+I) = 0,0
0304 557 IF{DUMI53.EQ. 0} GO TO 559 »
33 05 e PRINT . 20 O g SM {4 : - e
3306 2004 FORMAT {30 X:34HFLAPPING MOM OF INERT INVARIANT AT F12.2)
w307 NEQ=NEQ+1
2308 WVANEQ ) ==5M{6)
3329 . DO 558 1=1,NX
0510 EQINEQI) = X{I}#%2
0311 EQ{NEQ NXe1}—=-0,0
3312 EQINEQN2+1} = 0,0
3313 : 558 EQINEQeN3+I) = 0,0
——3 Lk 559 -IF{DUM{6}»EQ.D) - GO—lOaS&“
3315 : PRINT 2005 ,5M15) ' R
316 2005 FDRMAT {30K736HFEA?H&RING MOM OF INERI INvARiAhT AT F10.41)
8317 ~NEG=NE-Q+ 1- ~
J318 WY {NEQ) = - SM(5)
3519 DO 560 I=1 NX
3320 EQINEQ 41 }--=-0,0
5321 . EQINEQNX+ 1} =0,0
3322 EQ{NEQ,N2+13 =0,0
i3 323 e 560 EQANEQ N3 21 mmdey -0
0324 565 N4l=N&
9325 IF (DUM{1) oEQa 243 N4L=N&=NSI
3326 PRINT-2006 NEQyN&L — , :
3327 2006 FORMATL/30X,1THTOTAL EQUATEDNS = - 15,18H; NO OF UNMKNOWNS = -14/)
0328 IF{1C3.EQ. 0} GO TO 580 , . , S S
33 3 2 P i et e BRI NT 2L T e s e e e e i s et e e i, e o e i
3339 2010 FORMAT i//BOXqSSHFQUAT{GN COFFFICIENTS FDR Mﬂsc S3 7}
0331 PO 570 1=l ,NEQ
5332 e STO-PRINT 2020 24 EQLT2d )9 Jd=19 NS
0333 2020 FGRMAT 1/x10x,1910512,33)
C
C ~FORM--COMPRESS ED--MA-MATRI% —
c
3334 580 DO 590 [ = 1 ,N¥X
2335 MAL T} =ML}
3334 MA{NX+I}) = ME{I}
2337 MA{N2+1) = MET{I) o
Q338 590 . MAL{N3E 1} = MK 1) e e i
C : :
o FORM INVERSE, COMPRESSED PERCENT AGE WEIGHYTED WEIGHTING FUNCTION
;
3339 . §F(DU1113 EQ.,1.)60 TC 602
0349 . DO 600 I = 1.NX N
3341 - WA LI =ML L5 /M T e o - - S
J342 WA{NX+ 1) SMELT) JUELT) - '
0343 IF(ME(T1).EQ, 0) WALNX+I)=AME/WELT}
e DB el i WA N2 T =ME TLL S /W T N
J345 IFEMET{I).EQ.0) WAIN2+T)=AMET/WTII)
J346 WA{N3+I)=MK{T}/WK{I} .
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=g

e e CIFAMKEL 3B Qe O}_MA%NB«H P =AMRARK (e : s

J348 600 CONTINUE
- 0349 IF(NSI£Q. 0G0 TO 609

i) A 5 DO—601-1-=1-,N51
3351 oo J=ENINI{TL)

0152 IF{J.LE, o,ORaJ.GToNxa CALL ERR@&OlaD?

3 353 WAL J)=0
0354 WA {INX+ J} =D - ;

0355 WA {N2% J} =0 -
BB S i 0L WAL N3 JE =0 '
3357 G0 710 609
0358 . 602 DG 605 1 = 1 4NX-. AT AL e ST T LR

___“ﬂ}3*59__““,\__~__m,_‘, I . ¢ )-1«“1 : . ; R e :, . e

0360 WA (CNX+1) =ME(]) ) s '

0361 IFAME(T)LEQ.0) WA(NX+]3=AME

2362 BALNZ2+ 1) =MET4{I —— —

3363 o IF{METI{I}.EQ.O) waxwz+x9 AMET N

0364 HAEN3+ 1) =MKLT) : . . S -

e BB G e e o AR MK o B Qo O}~ HALNI#T § = AMK - o

0366 605 CONTINUE '
c AWA = EQ¥WA*H{~-2)%EQIT) {NEQ™EQ)
~—336F e 609-D 061 0T =1y NE Q— — - .
J368 . DO 810 J = l,NEQ
0369 AWAL{Id) = ‘
2370 : DO-6L0- L-~1vN4
3371 610 AWA(I, 4} = AHA&IgJJ&EQ(IvLi*EQ(JsL)*WAlLI*HA!L)
c NOTE DWA IS DUMMY ONLY,AWA IS FREE
2372 IR 1634604035 owxe—baz -
3373 PRINT 2021 : o
0374 2021 FORMAT (1M1 // 30X:2LHMATRIX TO BE INVERTED /7)
D375 DO -61L-1-=1 gNEQ e
0376 611 PRINT 20209 (AWALT 93] s0=1 oNEQ) , .
0377 _ 612 CALL INVRE (AWAaNEQoAHA[,DWA,IRGH;ICGL,BS;Bé) - B

——3 3T 8 IF (103 6FQ40 0)--60-T0- él“ S—— e
2379 PRINT 2022 ; o BN ﬁ
0380 2022 FORMAT (/7 30Xs14H INVERSE f7y .

3381 ~-DB 614 -1=1,NEQ ; :

0382 . 614 PRINT 2020 ,{AHAT {154, d=1 4NEQ)

0383 615 DO 618 I=1 ,NEQ

2384 ——D0~618--J=1-5N4 v
0385 618 wWvii)= EQ(I?J}*MAQJ3¢MV1I; '
9389 IF{IC3.6G, 08 GO TO 619

03812 e PRINT 2023

0388 2023 FORMAY 1//30X912HEQ#HA (TRAN) /773

0389 PRINT 2020 +iHV{I) 9I=1.NEQ)

0390 619-00-- 6251 =] ;NE @ —— e e , e e
0391 DMIT)=0 o L : . R
0392 DO 625 J=1 :NEQ S - , o
86393 : 625-DMLL)=DB (L 3+ AWAT- 4T s S ) VL 3} : e —

c FORM WY = EQ{T)=0OM THEN DM = DELTA MASS
0394 DO 6201 = 1.N% _

PRSI  %: ¥ - X ATE & & WU, . - : =
0396 DO 620 J = 14NEQ » ‘

0397 620 HVIT) = WVIII+EQ4I 11 +0M{H
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33,98 DO-630-1..2-L4N&

2399 630 DMLY = ~WV{I) *WA{L ) %w2
c : . FORM CORRECTED CHARACTERISTICS
L £ ¢ 1) INSURIURNRNSWINSRISNUONE ¥ s B Y 1o S SUE- WY} "¢ .
5601 : M241) = M{1)eDMLT)
2402 ME2{1) = ME{I}+DMINXeT)
633 E2{L ) MEZL1LIM241)
3404 MET2(I) = MET{I)+DHMINI+T)
J405 IF{MEZ2{I 4. EQ.0) GO TO 635
S, T ¢ - Y TH2L1) = MET2 410/ ME24 L)-=THD
3407 4 66 TG 636
3408 635 TH2(13=TH{1) o
3409 636 MK24 T )= - MK{ 1) +DMINISL)
3410 ‘ TEMP = MK2 {I) /M2 (I}
J41l IF{TEMP.GE.0) GO TO 639
3 1. 2 ' KM2{1} = SQRT-L=TEMPL
3413 GO 1O 640 '
Yals 639 KM2{I} = SGRT{TEMP) ,
3415 e 64 0-C ONTIN UE—r - -
C COMPUTE PCT CHANGES IN AWA
Jale _ DO 650 1 = 1,NX
3617 AL LT 4 1)--= DMLL)LMII %1000 -
2414 AWALT 4) = {KM2{1)~- KM!l)}/KM&!)*lOQ;',_
0419 7 IF(THI{I}.EQ. Q) GO TO64T e
3420 - AHA41731~-M(TH2!I$NTH4Ié%/?H(i)*L@O
0421 GO TO 648
422 647 AWAL{I,3)=100,
e Mg 2. B IFATHZ {1} EQTOQ»AWA4L,3\~0
~ 3424 . 648 IFL{E{I).EQ.0) GO TO 649 .
3425 AWALL »2) = (E2{1}-E{1))/E{13%100,
426 - G0--T0--650 S
3427 649 AWALI:2) = 100, .
0428 IF{E2{1).EQ.B) AWAL{I,2)=0
429 650-CONTINUE ,
: o PRINT CHANGED VALUES
0430 , PRINT 2030 T -
3434 2030 FORMAT - {1H1/7130H 1 ORIG.-H NEW..— M. PLT ~ORIG-E..
: 1 NEW E PCT ORIG TH . . NEW TH  pPCT 0R1G KM
2NEW KM PCT 77 : : L
3432 e 30655 . 1= Lo N Koo e —
Ue33 655 PRINT 2040+ 1,M{T)M2¢1) AwA(I 2l BLTIB2U0 0 AHA( T2y
1 THUIY s TH241) A wAi!93}aKMiibgKMZ(IéoﬂdA(io%)
3434 2040 . FORMAT 113 94 4LPEL3,3 ,812.3,0PFT7.132
C , ORTH CHECK
3435 : IF t1L2-.EQ.0) GO T0 )
34.36. ' PRINT-1061
9%37 CALL ORTH {(VaW.P, MZQMEZ?METZgMKZ,NﬂgNXglé,GHASS QCHECK s 18, 1C2)
3438 " O IF(IC2.EQ.2) PRINT 1032 .
3439 CIELIC2 060020 LALL PHMODES {X9V1wfPrOMEG?FREQ#MM»NXolﬁL
0440 {F{I02.,EQ. 0} GO TGO 1
044) . D3 660 I=1NX
%42 MiL)=M2{1)
0443 E(IY=E£2(1) -
3444 , TH{I ) =TH2{I}




Foger
s

SR YA 5,_m- N KMLT }=KM2{1} .

Jakb ME(T3=ME2{1)
447 MET{1) =MET2{1)

e Yy o e 56,0~ MK A T} = MK 24 1)

C 0%49 , PRINT 1065
3450 GO TO 1

e 38 5 L END
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“1”“9 QU TINE--RMODES 4Ky Mol s Py OME Go-FREQoNM o NXLNDIHM) .

BT % )
0L02 REAL X{1) oVINDIMol) oW{NDIMsL},PINDIMsll, DNEG(I)»FREQ(IQ
0aG3 IM0=1
——3 D 2 LML= MINOANM,3)
5205 75 PRINT 1025 9{0MEG (1) o1=1M0 ,1M1)
0336 1025 FORMAT {/713Xs8BHCMEGA = 5 F18.352F39.3)
2307 PRINT 10265 1EREQLI oI 1IN0 1M1
03038 1026 FORMAT{/ 13X, THFREQ = 5 F18.3,2F39.3)
0309 PRINT 1027
i3 33 Ot L2 T FOR MAT 4 /2. XL A H] STA +3439H . 1] ]
ip 173 S ‘ ; L
U311 DO 80 1 = 1,NX :
3212 80-PRINT-10304—LaX LI bad VA da T dobid J ol daPLdy 1) J= IMO5-IML)
0313 1030 FORMAT {1X212,0P F10.3,3{3X,1P 3E12.3}})
3314 IF {1 M1.GEL, NM) GO TO 90
S %, IMO=1M0%3
G416 IML= MINO{NM,IML+3) ' =
C83LT IF {IMOoE Qo 4o ORo T MOs EQo 104 OR, TMD4 EQ. 163 66 0 75
2218 PRINT.-1020~ :
0019 1020 FORMAT (1H1 50X, 11HWMCOE SHAPES //)
0320 GO 10 75 .
332} 90-REJURN
$d22 END
G333k SUBROUTINE-~ERRAN I} : ' :
c I = 0y TERMINATES RUN 1 NE O WARNING ONLY, PRINTS I
Q202 PRINT 10N
Q303 LO-FORHAT{A/1I04 5L THEKS ERARCR- NI PBER— g FB g S H SR8 2
3504 IF {1.NF.O) GOTO 20 . :
3305 CALL EXIT :
5a006 20--PRINT-30.1 :
2507 30 FORMAT (20X,20H¥x% WARNING ONLY #&k¥x ,15//)
03908 RE TURN ;

e 1 39

END

o
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kkkkk 3001 e SUBROUTENECRTHAV o W PooM o ME o HET oMK 5 Ny NX o MBIMy GMASS ¢ OCHE CK oM CDIM g 1P oo

c
¢ PERFORMS ORTHOGONOLITY CHECK
c GMASS - ARE_DIAGONAL -ELEMENTS ..
c - OCHECK 1S NORMALIZED av DIVIDING Row,coL BY SQRT
c T OF DIAGUNAL -
S ol S SV SO S Y
c . IP.NELO GMASS,CCHECK ARE PRINTED
C 1P.EQ.2 . MODES ARE NORMALIZED {GEN HASS = 1.0}
I
Juo2 ‘ REAL vaDIM.Lz.wqmoxmqlaqpqmoxﬁ,l) ME{ 1) oMET{1),MK{ 1)y GMASS{1}y
‘ ' 1 OCHECK{MCDIM,1 3 M{1}
0203 D0.20-1-= 1 4NM
2004 8O 20 J = 1,NM
2395 : OCHECKI{I «J) = O
SO, Y Yo 79 D82 Lol dog N Ko : —
G307 © 20 OCHECKA1+J) = DCHECKATI s ) #VII L) MIL 5V JoL)~PL Iy LYSMETIL IxviJ,L)
T Wl LML WL el d P gL SME{ LR {3, L3=Y{ I,L JMETIL I%P{d L )
2 WL T LIEME ALY BRI ok d P Ly LIAMKLLISPL S 91
0008 DO 30 I=1,NM
3309 GMASS{1) = OCHECK{I I}
2310 : $Q..=. SR TLGMASSLIN)
311 IF{IP.NEL2) GO TO 29
go12 DO 25 L=1,NX :
3013 e V4L L=V i, L) /50
0014 : Wil L) =Wl L) /SQ
0318 25 P{Y+1)=P{l 4L} /SQ
2316 29-D0-3 0~d—=-1, NM S— :
22171 - OCHECKAT oJ) = GCHECKII,J3/750Q
Julsd 30 OCHECK{JeI3} = DCHECK{J13/5Q
——3 319 - IF{IP.EQ.OY . RETURN
Q020 - PRINT 100, fGMASSIT) o1=1NM) '
3021 100 FORMAT {20X,40HDIAGONAL ELEMENTS OF ORTHO CHECK MATRIX /7
1l 10X - 1P BEL 443} )
0u22 PRINT 200
0023 200 FORMAT !//20Xo3DHNORPALIZED ORTHD CHECK MATRix /3
3J2% SN » ¥ o NP TR DSOS P . B :
2325 . 40 PRINT 300, {OCHECK{IJ)sd=1NM)
3026 300 FORMAT {/2%,16F8,3)
Ju2i [F{IP.EQe24 - PRINT-350
2028 350 FORMAT (1H1,30X,16HNORVALIZED MODES //}
0029 , RE TURN
,a-wmooau.w..«,m END
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3 b e et e - SUBROUTE NE ~IMYRS- {ByNyAy Dy IROH s ECOL gNRW ¢ NCL - : - -

c A = INVERSE OF B B UNDISTURBED
o VARIABLE DIMENSIONS MCL MUST BE AT LEAST ONE GREATER THAN NRW
=y NRW-MUST--BE—-AT—LEAST—EQUAL-T BN s
c IROW, ICCL ARE VECTORS OF LENGTH NCL
3302 REAL A{NRWNCL) ;BINRWoNCL) ;D INRW ¢ NCL )
e 3393 e e NTEGE-R —FR OWANC L 3o LCOLANC L)
2304 DO 1 1=1,N
3305 DO 1 J=1.N
b3 36 1A { Ly 33 =B41-vd} s ‘ . e :
2307 . M=N+1 , R N L L E
0308 DO 7 I=1,N : E S SR B TS ST SRR
NEUREIFCY: 7; 1 SEUHUNIE———— Y5 1° £ & & B3 1 : : e ' ' ——
J310 7 ICOL(I)=] ‘ ' .
0311 ‘ DO 20 K=1lsN B
da-l2 AMAX= ALK y-KS e
3313 DO 10 I=KeN
0314 D0 10 J=KsN
e 3D G i o T F A AB SA- AL L J ) ABSiAMAX))19w9 PR,
3316 9 AMAX= A{l,J}
Q417 ICc=1
— 33 L B JC-=J
0319 10 CONTINUE
3320 KI=ICOLIK) s
SN, T I & PRI - ICOLIKI=IC OL{IC)
0322 ICOL{IC)=KI
G323 : KI=IROW(K)
3324 IROW{K ) =1ROKW{-4C)
3325 IROW{JCI=KI .
3326 ’ IFCAMAXY 11,1211
3327 w32 PRI N T B mom e oo —- e
3228 13 FORMAT{? SOLUTION OF MATRIX NOT POSSIBLE?)
3029 G0 TO 100
3330 SRRSO 1 JEN 5 Yo DO /N ECS IO 1 _
3331 O E=A{K,J) ' B P O e
0132 . o ALKy ) =A{IC, ) R N
SR, L% ¥ SUREEUVPIRSURSR I - O o B B - i - e
3334 DO 15 I=1,N
3335 E=A{I,K)
1336 A4 T K3-=A-{15dC)
3337 15 A{l,JdC=E
3338 DO 16 I=1,N
2339 - IF{1~K3}--184917+18
9340 17 A{I M) =1,
Gl4l GO TO 16
G342 18--A- (13 M}-=0s
Ji43 16 CONTINUE R : S o
. Jias ' PYT=A{KsK) : . : e , . -
e 345 : ~D0 -8-J=1-5M : ; -
Ul46 8 A(K.J)—A(K,JQIPVT
3347 DO 19 I=1,N .
L3248 —IF{1-K}21+19424 :
3449 21 AMULT=A{I,K) . '
3250 DO 22 J=14M

S 0
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3351 22- Aii,diuﬁilvJ)—AMULT*A(K,JBMM_m~-“«~wM“4.~m - R

0052 19 CONTINUE
3353 DO 20 I=1,N
3354 20— A4 Ly KI=AL L4 M)
0055 . DO 25 I=1,N
3356 DO 24 L=1,N _ '
3BT IE{IRDWAL)~L) 24423426
2258 24 CONTINUE
2359 23 DO 25 J=1.N
SR, 1 ¥ ¥ S 25-DALlod)=AtE5dd
336l B0 26 J=1.N R , i
3162 DO 28 L=1,4N e e
3363 IFLICOLASI=L) 284929528 . 5
2364 28 CONTINUE
3365 29 DO 26 I=1sN
3366 26-A 115 L)=D A1)
gu67 100 RETURN

2368 ‘ END
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—-~SUBROUTINE MXV{A¢B,C vaNQNDI My TCCNT }

B 3 T
c
c MATRIX TIMES VECTCOR  A{M3= B{M,N) #C{N} FOR ICONT = 0
b , et Bl M FOR—ICONF—=1
c : : . ‘ .
S 2302 ' DIMENSION A(1} 4BINDIM,13,C{1)
3333 DO-10-1=1,M-
2304 IF{ICONT,EQ,0) ALD)=0
2305 DO 10 J=1,N
— 33 06— 10-AL1)=A 1)+ BLI-d 1 HE 1
0307 . RE TURN
3308 END.
3301 SUBROUTLNE ERRAL. A,PC4+£CTB,NJ9NM,ZX,NDiMML : : S
C A BIAS ERROR PCTB(RATIC) ON AMPLITUDE AND A UNIFORMLY DISTRIBUTED
c RANDOM ERROR HAVING A +/— MAXIMUM OF PCT{RAT I0) ON AMPL ITUDE
;
3302 - DIMENSION A{NDIM,1}
3003 IF{PCT.NE.O } GO TO 110
3304 100-1F{-PCTBLE Qo0 GO-T0-120
9005 110 DO 120 K=l ,NM
2206 DO 120 I=1,NJ
3307 CALL-RANDU-L-IXs LYo YEL-)
2008 Ix=IY
JuQ9 E=1a+20%PC TH{YFL~e51+PCTB
3310 120-A (KyTh SA K gTIRE e o
2011 130 RE TURN
5012 END
-y
|
P
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e~ SUBROUTINE -RANDU - {-T X, 1Yo YFL -}

USAGE
CALL RANDU ( TX,IYsYFL )

COMPUTES UNIFORMLY DISTRIBUTED RANDOM REAL NUMBERS BETWEEN

PRODUCES A NEW INTEGER AND REAL RANDCM NUMBER.

O-AND -1+ 0 -AND- RANDOM.REAL-- INTEGE RS~ BET WE EN- 0 ~AND- 2%% 3 14— U D

EACH ENTRY-USES- AS--I NPUT-AN -INTE GER—RANDOM--NUMBER—AN D

VARIABLEC e L o
IX= FOR THE FIRST ENTRY THIS MUST CONT AIN ANY ODD INTEGER NUMYBER

WITH NINE OR LESS DIGITSs AFTER THE FIRST ENTRY IX SHOULD BE
THE-PREVIOUS—VALUE- OF—1Y-COMPUTE D-BY~ THIS SUBROUTINE

[Y= A RESULTANT INTEGER RAXNDCM NUMBER REQUIRED FOR THE NEXT ENTRY

TO-THI-S- SUBROUTI NEq THE -RANGE --OF--THIS~NUM BER~1S~B ETWE BN~ 0~ AND—~2#% 31

YFL= THE RESULTANT UNIFORMLY DISTRIBUTED oFLOATING POINT,RANDOM

—0002-

‘nnhnnmnohnnmnnﬁﬁnmnﬁhnn

0003 IFCTY) 100,110,110
0004 100 I1Y=1Y+2147483647+1
0005 110-YFL=1Y
0006 YFL=YF L%, 4656613E-9
: o007 RETURN
~———0308

NUMBER I N-~THE—RANGE-0--T-0-1-40

LY=1-X% 6553 9.

END-

FOCR VAT |
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APPENDIX D
NORMAL MODES AND NATURAL FREQUENCIES OBTAINED FROM VACUUM WHIRL DATA*

INTRODUCTION

The kotor was forced vertically along the axis of rotation with no other
external forces. The natural frequencies of the symetric flapping modes
with infinite hub impedance are the driving point antiresonant frequencies
along the rotational axis. These frequencies were identified and a modal
analysis done to determine the mode shapes using strain/hub acceleration
transmissibility in the following manner.

Strain readings, calibrated in terms of bending moments, and hub vertical
accelerations were recorded simultaneously on analog tape at the selected
rotational speeds of 0, 5.24, 10.47 and 15.71 rod/sec. (0, 50, 100 and 150
RPM). The time domain hub acceleration signal was fed from the tape reader
to the force input of a Fast Fourier Transform Digital Signal Analyzer, type
Hewlett Packard 5420, while the time domain strain signal from the jth sta-
tion along the blade was fed to the response input of the Digital Signal
Analyzer for stations j =1 to j = 12 at each of the rotor RPM settings.
Over a narrow band of frequency covering each hub antiresonant frequency,
determined approximately from broad band analysis in which the hub driving
point antiresonant frequencies appear in the Fourier Transform in the form
of natural frequencies, a Fourier Transform of 28 frequency line was
obtained for each strain/hub acceleration transfer function. The narrow
band data were then analyzed for global properties.

The transmissibility residues for the 12 blade stations in a given mode
were found to be complex, due to the nature of the transfer function, but
complex normalization showed the bending moment modes to be real (classi-
cal). The deflection modes were obtained from the bending moment modes
by simple double trapezoidal integration of the curvature from the root
to the tip.

*The tests from which this data were obtained are described in Ref. 9
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The Antiresonant Method. - It is obviously impossibTe to achieve ihfinite
terminating impedance in practice but the modal effects of infinite term-
inating impedance along a single motion coordinate can be obtained quite
accurately through antiresonance theory even though the terminating coor-
dinate never reaches absolutely zero motion. It never reaches absolute
zero because, and only because, in this case, the rotor dissipates energy
to a sink. The nature of this energy dissipation, called "damping", is
not known. If the rotor were undamped the vertical motion along the axis
of rotation, the coordinate of sole external excitation, would be absolute-
ly zero at the natural frequencies of the symmetric flapping modes of
infinite hub impedance regardless of the actual hub impedance. The sum of
the inertial forces of the undamped rotor acting vertically on the hub
would, at these frequencies, be exactly equal to the sole excitation force
acting vertically at the hub, regardless of its magnitude (within the
linear range) or phasing to any base, in the steady state. This is the
principle of the undamped vibration absorber of 1909; its notable early
19th century predecessor, the una corda or "soft" pedal on aftersound of
the concert grand piano; the Thearle invention of the 1930 on which shaft
and turbine balancing machines are based; the 1947 method of stabilization
by Thor which made spin dry home washing machines practical and the many
obvious helicopter applications along with the less obvious one recently
in which a military helicopter initially had Tittle pilot seat vibration
at the expense of intolerable tail fatigue.

Mathematically, a damped antiresonance is merely a zero of zero magnitude.
In the case at hand the single excitation along the axis of rotation is
unknown (because the measured applied force in the rig is below the hub
with an intervening unknown impedance) but as it is the same for hub verti-
cal acceleration and blade bending moment the quotient of blade bending
mobility and hub acceleration mobility involves cancellation of the pole
roots Teaving the deneminator a polynomial whose roots are hub driving
point zeros the undamped parts of which are the desired antiresonances.
These can be determined from the Fourier Transform of the transfer func-
tion as will be shown below.
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From elementary considerations of complex variable theory it is easily seen
that the residues are without physical significance in themselves because
the polynomial quotient has an arbitrary factor. For this reason one can-
not use this procedure to obtain physically meaningful orthonormal modes.
However, in normalizing on a station on the blade the arbitrary factor of
the multiplying factor cancels, being the same for each station, and a
valid bending-moment mode shape can be readily obtained. = That is, the
validity of the quotient of residues is maintained. This is precisely the
same as ratioing the vectorial chords of the Nyquist plots of each blade
station between given frequencies in the zero root range of the hub mobility
to that of any given blade station.

Because the complex chordal vectors between given frequencies are parallel
to the modal diameter of any transmissibility having the hub driving point
product of roots of the zeros in the denominator and because the Tength of
such chords are necessarily proportional to their associated diameters each
it follows that the ratio of the complex chordal vectors is the same as that
of the complex diametral vectors. In other words, if one were to transfer
the Nyquist axes to an origin corresponding to the antiresonant frequency,
do a bilinear transformation and ratio the distances of the resulting lines
to the origin for any station to a given blade station one would find a
canonical invariance of the polynomial in the poles and the frequency invari-
ant factor for any given pole.
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Finding the Natural Frequency. - Most often one will find three peaks in
mobility associated with a mode, two in the real and one in the imaginary
or vice versa. If the angle of a complex mode is near 45°, 135°, 225° or
315° there will be only two sharp peaks, one in the real and one in the
imaginary.

The following is done for acceleration mobility. q refers to a frequency
in the imaginary and p to a frequency in the real. The subscript x refers
to an acceleration mobility maximum and m to an acceleration mobility
minimum.

If the modal angle is in the range from about -40° to about +40° or narrower
there will be a maximum in the acceleration imaginary and a minimum and maxi-
mum in the real.
, P 2
2 Gy = —5—— = Q [1 + g(2 tan ¢/2 - tan ¢)] (D-1)

Let the natural frequency be approximated by

2 2
PS4+ p
2 . 2 X m _
Q" =2 4y - —5— (D-2)
TABLE D-I. ERROR IN @ BY EQUATION (D-2)
0 g = .02 g=.05 g=.10 g=.20
4Q° 0.22% 0.56% 1.11% 2.22%
30° 0.08% ' 0.21% 0.41% 0.83%
20° 0.02% 0.06% 0.11% 0.23%
10° 0.003% 0.006% 0.01% 0.03%
0° 0% 0% 0% 0%
-10° 0.003% 0.006% 0.01% 0.03%
~20° 0.02% 0.06% 0.11% 0.23%
-30° 0.08% 0.21% 0.41% 0.83%
~40° ' 0.22% . . .0.56% 1.11% 2.229%
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If the modal angle is in the range from 50° to 130° one will observeka Pm’
9y and U with the identical errors over the range as given in Table D-I
by adding 90° to the angle. Similarly for the other cases.

2 2 ,
2 q, tq
otz 2pt - 2T (D-3)
2 2
2,2 x ' 140° to 220° (D-4)
= qm 2
2 2
q +q
o =2 p? X0 230° to 310° - (D-5)

Equation D-2, D-3, D-4 and D-5 involve frequencies merely as twice the
square of the single peak frequency less half the sum of the squares of
the double peak frequencies.

A

45° 315°
. o°
MODAL
ANGLE
¢
>
(%]
o = o
Pm 90 =) 270 PX
Lo
&

135°
MWm 225°

Figure D-1. A diagram of acceleration mobility peak frequencies.
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Two Peaks Only - Natural Frequency. - If there is only one real and one
imaginary peak associated with a mode, the modal angle must be near 45° +
n*90° for n = 0, 1, 2, 3 as seen in Figure D-1.

Forn =0

qZ + P2 =0 [2 + g (tan /2 - cot 91’213)] (D-6)

Let the natural frequency be approximated by

2 2 '
of = It Pa (D-7)
Q2 . Q?
TABLE D-II. INHERENT ERROR IN EQUATION 7. 5
¢ g=.02 g=.05 g=.10 g=.20

nx90° + 35° 0.206% 0.516% 1.04% 2.096%
nx90° + 40° 0.102% 0.257% 0.514% 1.034%
nx90° + 45° 0% 0% 0% 0%
nx90° + 50° 0.102% 0.257% 0.514% 1.034%
nx90° + 55° 0.206% 0.516° 1.04% 20.096%

The actual inherent error in natural frequency is about half those in
Table D-II.

Local Spectrum Analysis of a Complex Mode Given the Natural Frequency

This procedure may be used over any portion of the modal arc. In an
acceleration mobility Kennedy-Pancu plot let N be the natural frequency
and f] be any frequency on the modal arc selected by the operator. The
chord from frequency f1 at NV T - b to frequency fo = NV T + b over an arc
of 180° or less is perpendicular to a diameter through the natural fre-
qguency, b is an arbitrary number less than unity. See Figure D-2.

154



Imaginary Acceleration

— I R
Real Acceleration v
Figure D-2. Nyquist Plot
The modal angle is ¢.
c/2 _ o ]
_ﬁ_—-ﬁ = tan 7 . (D 8)
For practical purposes (see the mensuration section of any standard
engineering handbook)
C/z = _Z..h_= (_X,_ -
'D—_'H s tan 7 (D 9)
and ‘
c = D sina, (D-1Q7
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R _ [J,R., R 1 I I I
YA = [Yz + Y] 1/2, [YA = Y2 + Y] ]/2 (D-12)
\2 N2 '
_ R R I 1
h _//TYN - YA J + (YN - YA J (D-13)
/ y2 32

- /1yR R | I -

e _//TYN - ¥ | + [YN - Y J (D-14)

e, =/(Y§ v }2 + (Y]fl - Y, }2 (b-15)

If e2/e1 = 1,0 then N is not the natural frequency for points 1 and 2
on the modal arc. If e2/e] < 1.0 then the natural frequency is less than
N, if e2/e] > 1.0 then the natural frequency is greater than N.

2
2, 1+gqtan 2 (D-16)
N g tan 3
ii =1- g tan >
\ 2
_f_g___._fiz 2 tan _O_ll
7 ) ?
N
2 2
1 - f (D-17)
9 7 7 ,
N~ tan a/2
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The natural frequencies determined from HP 5420 data using Equations D-2
through D-5 are shown in Table D-III in comparison to the: natural frequen-
cies found by NASA. The strain data for 100 RPM was quite noisy and was
therefore not analyzed. Figures D-3 through D-11 show the bending moment
normal modes and Figures D-12 through D-20 show the normalized deflection
mode shapes.

TABLE D-III. NATURAL FREQUENCIES Hz
(cassette number, record number)

0 rad/s ' 5.24 rad/s 15.71 rad/sf

(0 RPM) (50 RPM) (150 RPM)

8.2 NASA 8.7 NASA 10.8 NASA
2nd Flapping 8.16 (1,1) 8.46 (1,37) 10.78 (2,23)

8.18 (2,41) 8.47 (3,19) 10.80 (3,47)

21.8  NASA 22.2  NASA 24.4  NASA
3rd Flapping 21.71 (1,10) 21.93 (2,1) 24.24 (2,23)"

21.82 (3,1) 21.97 (3,26)

21.81 (2,48) 21.93 (1,46)

41.2  NASA 42.0  NASA 44.1 NASA
4th Flapping 41.66 (1,19) 41.92 (2,5) 44.18 (5,41)

41.73 (3,5) 41.99 (3,33) 44.19 (5,44)

44.20 (5,47)

26.6  NASA 27.4  NASA 28.3  NASA
1st Torsion 26.41 (1,28) 27.02 (2,14) 28.36 (12,19)
27.02 (3,40) 28.36 (12,20)
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" RECOMMENDATIONS

If this test were to be repeated it would be useful to measure strain on

the hub near the center of rotation to provide the initial condition for
integration of strains and it would be practical to calibrate in terms of ‘x
the differential strains of the bending bridges, instead of bending moment,
to eliminate the need for theoretical EI values in the integration. :

In the photographic method of obtaining mode shapes the assumption is that
the modes are uncoupied, that is, that the shaking excites only one mode.
With that assumption, a promising method of obtaining rotating mode shapes
is that pioneered by Hassa]2 of the Royal Aircraft Establishment:

{®f - s ][s®)]* {e)}

where e(R) is the vector of blade strains measured in rotation

0 is the matrix of nonrotating normalized normal translational modes

©(€) is the matrix of nonrotating normalized normal strain modes

Normalization of the Left Hand Side at a natural frequency, given very
1ight damping and widely separated natural frequencies, would be the
rotating normal mode. ¢ and @(E) are obtained in a nonrotating shake test
after which the accelerometers are removed from the blade and have the
same number of columns but not necessarily the same number of rows. The
strains used need not be directly related to bending moments.

CONCLUSIONS
The rotating and nonrotating modes in flatwise bending for the cantilever
condition were found to be real. The natural frequencies found in bending
moment modal analysis agreed closely with those found by other methods.
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